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In a previous report (8) the fermation of local 
lesions on plants of Physalis floridana Rydb. following 
inoculation with potato virus Y (Marmor upsilon 
Holmes) and the use of such lesions in quantitative 
work were described. Darby, Larson and Walker (4) 
considered this species unsatisfactory because of in- 
consistency in the formation of lesions. Results ob- 
tained in this laboratory show that satisfactory quanti- 
tative work can be done on P. floridana if proper con- 
ditions are maintained. This plant also has proved use- 
ful for cross-protection tests (11). Since lesion forma- 
tion is dependent upon the use of proper conditions, 
additional data on the conditions requisite for good le- 
sion formation are included in this report, together 
with data on factors affecting number of lesions. Pre- 
liminary reports of some of this work have been pub- 
lished (9, 10). 

MATERIALS AND METHODS.—Except where stated 
otherwise, all experiments were conducted in a green- 
house maintained at approximately 70° F. Plants were 
grown in 5-in. pots containing composted soil. 

Preparation of inocula.—Unless otherwise stated, a 
strain of potato virus Y obtained from E. S. Schultz 
was used in all tests. It corresponds to isolate no. 19 
of Darby, Larson and Walker (4) and is similar to or 
identical with the field strain most common in the 
northeastern part of the United States. The virus was 
maintained by serial transfer in Turkish tobacco 
(Nicotiana tabacum L.) or in N. g/utinosa L. Inocula 
were taken from either of these 2 suscepts 2-3 weeks 


-following inoculation. Leaves showing typical symp- 


toms were ground in a meat chopper. Juice was ex- 
tracted through cheesecloth. diluted with buffer, and 
used immediately. 

Method of inoculation.—The gauze-pad method of 
inoculation was used in all cases. Unless otherwise 
stated, leaves of plants to be inoculated were dusted 
lightly with carborundum (400-mesh). Inoculated 
plants were rinsed with tap water as soon as possible 
after inoculation. Inoculations were made so that in a 
given experiment each inoculum was applied to each 
plant and at each leaf position the same number of 
times as each of the other inocula. In so far as it was 
practicable, the inoculation schemes were balanced 
with respect to other known variables. When 2 inocula 
were used, they were rubbed on opposite half-leaves. 
When more than 2 inocula were used, each was paired 
with each of the others in a balanced incomplete block 
arrangement. 

All flower buds, unnecessary shoots, and all leaves 
except those to be inoculated were removed prior to 
inoculation, 


Preparation of buffers —Phosphate buffers were pre- 
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pared by the mixing of solutions of monobasic and di- 
basic salts of phosphoric acid, each of the desired 
molarity, until the required pH was obtained. Unless 
specificaily stated otherwise, the potassium salts of 
phosphoric acid were used. Borate buffers were pre- 
pared similarly from solutions of boric acid and sodi- 
um borate. In the preparation of all other buffers, a 
weighed quantity of the substance was dissolved in a 
volume of distilled water slightly less than that re- 
quired to give the desired molarity. Sufficient N sodi- 
um hydroxide or N hydrochloric acid was added to 
bring the solution to the desired pH. The pH was 
again checked with a glass electrode following final 
adjustment to the required volume. All organic buf- 
fers were stored in a refrigerator and used within 2 
days. 

AGE OF PLANT.—Lesion formation was best on plants 
inoculated during early flowering. Younger plants not 
only had smaller and more tender leaves than older 
ones but when inoculated produced fewer and poorer 
lesions. There were fewer lesions per unit area and 
those were often indistinct and not easily distinguished. 
Satisfactory results were obtained with plants over 
about a 2-week period following the onset of flowering. 
As the leaves approached senescence, lesion formation 
became progressively less satisfactory. 

At the age optimum for lesion formation plants of 
P. floridana will have from 12-18 leaves suitable for 
inoculation. The leaves are large, have a smooth upper 
surface, and are spaced so that they can be easily in- 
oculated. On such plants inoculated uniformly with 
virus Y, lesion formation is greatest on the older leaves 
and decreases progressively acropetally. Use of im- 
snature leaves near the top should be avoided. 

CONDITION OF PLANTS.—Only rapidly growing, vigor- 
ous plants were satisfactory. Since relatively large 
plants must be produced, 5-in. pots were used. Com- 
posted soil was supplemented with commercial fer- 
tilizer. Occasionally, supplementary applications of ni- 
trogen were necessary a few weeks before flowering. 
On the other hand, P. floridana grew poorly in sol 
containing excessive amounts of soluble salts. 

Adequate and uniform moisture was necessary. Oc- 
casionally, intumescences formed on the leaf veins and 
veinlets. This condition apparently was associated with 
fluctuating water supply and sometimes followed the 
root-pruning that occurred when plants were moved 
from one cinder bed to another. Oedema occurred in- 
frequently in plants grown in pots placed in saucers. 
Plants from which all axillary shoots were removed 
when 2 in. or less in length were better formed and 
had more uniform leaves than did nonpruned plants. 


Licut.—During winter months, supplementary light 
was found to be essential during the entire growing 
period. Good results were obtained with 1000-watt 
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Mazda lamps. placed about 2 ft. above the plants at 
| } I 


about 5-ft. intervals along the bench. They were used 
every evening until 10 P. M. and on all cloudy days 
Exposure of plants to short ths for prolonged 
intervals any time after emergence resulted in poorly 
formed plants with many small leaves 

Plants placed in shade or in the dark for a few days 
just prior to inoculation were more susceptible than 
those exposed to normal greenhouse light or to sup- 
plementary light. The phenomenon is similar to that 
observed by Bawden a1 Robe ?) in the case of 
several virus-suscept co nati In one experiment 
2 plants were placed so that a branch of each was en 
closed in a specially constructed box lined with black 
paper. Two days later the boxes were removed and 
all leaves uniformly inoculated with diluted infectious 
juice. On the 13 darkened leaves 461] lesions developed 
while 318 developed on the 13 es exposed to nor 


mal light. In a similar experiment. employing 6 plants 
and a 4-day dark period, 2843 lesions developed on the 
30 leaves that had been darkened and 1856 developed 
on the 30 that had been expos normal light 


Variations in the amo supplied during 
the post-ino ulation period had ittle or no effect on 


lesion formation. 


TEMPERATURE.—The temperat which plants of 
P. floridana were grown prior to inoculation had no 
great effect on subsequent lesir formation. At unl- 
form post-inoculation temperatures. plants which had 
been grown at 80° F. produced about 20 per cent more 
lesions than similarly inoculat plants which had 
been grown at 65° F. However. the lesions on plants 
grown at 65° were more distin nd more easily 
counted than were those on plants grown at 80 Phy 
salis plants grown at about 70° F. have proved satis- 
factory for routine us¢ 

Post-inoculation air temperat vere found to be 
very important. Lesions on plants held at tempera- 
tures between 65° F. and 70° F. were invariably well 
formed and easily distinguishab| This temperature 
range also is optimal with respect to number of lesions 
produced. At 75° F.. about 30 per cent fewer lesions 
were produced than at 65° and they were small. indis- 
tinct, and difficult to count. At 80° F., no lesions 
formed although infection occurs at this temperature 
(11). 

Lesion formation is satisfactory under conditions 


where the temperature fluctuates, provided tempera- 
tures of 80° F. or above are not maintained for ex 
tended periods. In the greenhouses at Ithaca, lesion 
formation has been poor or non-existent only during 
July and August. Although day-time temperatures 
often exceed 80° during certain other months. cooler 
temperatures apparently prevailed for periods sufh- 


ciently long to permit talr lesion formation 


UsE OF CARBORUNDUM.—The use of carborundum in- 
creased lesion formation approximately 7-fold. In a 
typical experiment, the left halves of 36 leaves were 
inoculated with diluted infectious juice. The leaves 
were dusted immediately with 400-mesh carborundum 


»ATHOLOGY [Vol. 43 


and the remaining half-leaves inoculated. The leaves 
were rinsed immediately following completion of the 
second inoculation. The process was repeated on an- 
ather set of 36 half-leaves except that the right halves 
were inoculated before application of carborundum 
and the left halves afterward. Only 104 lesions de- 
veloped on the carborundum-free leaf-halves while 723 
developed on the dusted ones. Subsequent experiments 
showed that while the interval between the inoculation 
and the rinse in the above test was greater for the 
nondusted leaves than for the dusted ones this fact 
could not account for. the observed differences in 
lesion count. It will be shown later that satisfactory 
quantitative results can be obtained on leaves dusted 
with carborundum. 

DEPLETION OF INOCULUM AND EXTENT OF RUBBING.- 
With some viruses. the frequency with which the inocu- 
lum is renewed on the inoculating-pad markedly affects 
the number of lesions (5), while with others it has lit- 
tle or no effect (15). Lesion count might be expected 
to increase as the number of strokes used in rubbing 
a leaf is increased but in some cases excessive rubbing 
decreases the number of lesions (5). Consequently, it 
was of interest to determine the effect of these 2 vari- 
ables on Y-lesion formation. The possibility that the 
two are interrelated also was investigated. 

In a preliminary test on depletion, a single inoculum 
(infectious juice diluted 1-50 with O0.1IM phosphate 
buffer) was uniformly rubbed (6 strokes per half- 
leaf) over the surfaces of 300 half-leaves on 10 plants. 
len half-leaves were inoculated before renewal of in- 
oculum on the pad. The lesion totals for successively 
inoculated leaves were 10660. 10174, 8988, 8010, 7493, 
6732. 5998, 5251. 4859. and 3974, respectively. In a 
similar experiment juice diluted 1-100 with 0.1M gly- 
cylglycine (pH 7) was similarly rubbed over 200 half- 
leaves on 10 plants. The lesion totals for successively 
inoculated leaves were 3470, 2935. 2624, 2373. 2048, 


1605, 1428, 1094, 1044, and 726. respectively. 


In a preliminary test on the extent of rubbing. the 
half-leaf technique was used for a direct comparison 
of 3 strokes with 6. 6 with 9, and 9 with 12. The in- 
oculum was juice diluted 1-200 with 0.01M phosphate 
buffer (pH 7). Twenty-four leaves were used for each 
comparison and the inoculum was renewed on the pad 
after each third half-leaf. Three strokes resulted in 
133 lesions as compared to 149 with 6. Six strokes 
gave 139 in comparison to 91 with 9. Nine strokes gave 
75 as compared to 39 with 12. 

That the depletion effect is a function of the extent 
of rubbing was indicated by 2 experiments in which 
the number of strokes was varied and the lesion counts 
tabulated according to whether the leaf was the first, 
second, or third one rubbed following renewal (Table 
1). Results in general agree with those of the pre- 
liminary tests in that maximum lesion count was ob- 
tained with 6 strokes and in that there was a progres- 
sive decrease in number of lesions on successively in- 
oculated leaves. In addition, there was a marked ten- 
dency for depletion to be more rapid as the number 
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laste 1.—Lesions produc ed on successively inoculated Phy- 
salis floridana leaves with the number of strokes per 
hal}-lea} varied 


No. of First Second Third Stroke 
Pest Strokes half-leaf half-leaf half-leaf totals 
|" 5 1267 1328 1048 3643 
6 1557 1477 1115 4149 
Y 1584 1261 1064 3899 
12 1327 942 653 2922 
Leaf Totals 5735 5008 3870 
2 3 1098 970 973 3031 
6 1418 131] 127 4000 
9 1454 1327 1162 3943 
12 1508 1267 1049 3824 
Leaf Totals 5478 1875 1445 


Each subtotal is the number of lesions on 12 half-leaves. 
L.S.D. (0.05 level) is 341 for subtotals, 591 for stroke totals, 
and 682 for leaf totals. Uniform inoculum used was pre- 
pared by diluting infectious juice 1-100 with 0.01M_ phos- 
phate buffer (pH 7). 

"Each subtotal is the number of lesions on 12 half-leaves. 
L.S.D. (0.05 level) is 273 for subtotals, 473 for stroke to als, 
and 574 for leaf totals. Uniform inoculum was prepared by 
diluting infectious juice 1-100 with 0.1M glyclyglycine buf- 
fer (pH 7). 


of strokes was increased. 

Data in Table 1 suggest that depletion and the extent 
of rubbing had a more pronounced effect on lesion 
formation when phosphate buffer was used as diluent 
than when glycylglycine buffer was used. That these 
differences were due to some other variable and not 
to the buffer was shown by other experiments. It was 
common experience for the rapidity of the depletion 
of inoculum and the depression of lesion formation by 
excessive rubbing to vary from experiment to experi- 
ment; however. within a given experiment, use of the 
2 buffers always gave comparable results. 

Six strokes per half-leaf with renewal of inoculum 
afier each third half-leaf were adopted as standard 
procedure. More frequent renewal was not found prac- 
tical because of the greater time required and because 
the excess inoculum deposited would often drop from 
upper leaves to lower ones. 

Rinsinc.—-Preliminary tests indicated that the stand- 
ard practice of rinsing immediately following inocula- 
tion tended to increase lesion-counts in some cases but 
not in all. Direct comparisons of rinsed with non- 
rinsed leaves usually resulted in higher counts on the 
rinsed leaves. Since the suscept under investigation 
has several leaves and a single group of plants can be 
used for a large number of inocula, inoculation 
schemes can become quite complex and _necessita' 
considerable time for inoculation. Hence it appear 
desirable to investigate the time relationships of the 
rinsing effect. 

Infectious juice was diluted with buffer and the di- 
luted juice divided into 4 equal portions. One portion 
was used for the ineculation of 44 of the half-leaves on 
6 plants; each with 6 leaves. Four to 6 minutes later 
another set of half-leaves was rubbed with another 


portion of the inoculum. The other 2 sets were subse- 


quently inoculated at intervals of 2-4 minutes. As soon 
as the final half-leaf on a plant was inoculated, an 
assistant rinsed the plant with tap water. The same 
procedure was repeated on a second lot of 6 plants. 
The whole procedure was timed accurately so that the 
average time between the inoculation and the rinse for 
each set of half-leaves could be calcuiated. 

When 0.1M borate buffer -(pH 8) was used as di- 
luent, lesions appeared only on those leaves rinsed 
within a minute. All other leaves were severely in- 
jured by the buffer. When 0.01M phosphate buffer 
(pH 7) was the. diluent, there often was a marked 
progressive decrease in number of lesions as the in- 
terval between inoculation and the rinse was length- 
ened. In the experiments reported (Table 2) and in 
others where rinsing had an effect, there was a rather 
rapid decrease with intervals up to about 3-4 min- 
utes. During subsequent intervals the decrease was 
less marked and was essentially linear. In a number 
of tests with this buffer, the effect of rinsing was not 
always as pronounced as in the experiments reported 
and in a few cases there was no effect. Apparently, 
other variables are important in determining the mag- 
nitude of the rinsing effect. 

Results of tests in which 0.1M glycylglycine buffer 
(pH 7) was used as.diluent were similar to those 
where 0.01M phosphate buffer was used, except that 
in general the rinsing effect appeared to be less 
marked. 

Attempts to identify the variable or variables caus- 
ing fluctuations in the magnitude of the rinsing effect 
were not successful. Direct comparison of plants in- 
oculated in bright sunlight and in shade gave no con- 
sistent results. No correlation could be detected be- 
tween environmental conditions or the condition of the 


Tas_e 2.—Number of lesions produced on Physalis floridana 
inoculated with uniform inoculum but with interval 
between inoculation and the rinse varied 


Experiment" Interval” Lesions‘ 
Min. 
| 0.5 1814 
1.0 3796 
8.0 3463 
12.0 3166 
L.S.D. (0.05) 675 
L.S.D. (0.01) 893 
2 0.2 3343 
2.0 2992 
5.5 2523 
10.5 2116 
L.S.D. (0.05) 593 
L.S.D. (0.01) 784 


“Infectious juice diluted with 0.01M phosphate buffer 
(pH 7). The dilution was 1-50 in experinient 1 and 1-100 
in experiment 2. 

" Average time between inoculation and rinse. 

“Number of 36 half-leaves. A balanced incomplete block 
arrangement of inoculated half-leaves on 12 plants, each 
with 6 leaves, was used. 
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plants at the time of inoculation and the magnitude 
of the rinsing effect. 

Since rinsing may have a marked effect on lesion- 
count and the importance of this effect is unpredict- 
able, it is important that inoculation schemes be de- 
signed so that in a given test the average time between 
inoculation and the rinse is the same for each inocu- 
lum. 

Burrers.—Since 0.1M phosphate buffer at pH 7 is 
used widely in virus work, this buffer was used in the 
early experiments. It soon was discovered, however, 
that the use of certain other buffers resulted in greatly 
increased lesion counts. Screening tests were made in 
which were tested, for the most part, only those sub- 
stances that are good buffers near pH 7. In general. 
inoculations were made in a manner that permitted 
removal of excess inoculum by rinsing within a min 
ute following inoculation. Only the simplest of inocu- 
lation schemes, that involving inocula, was used 
Buffers adjusted to pH 8 were prepared from malei 
acid, boric acid and sodium borate, arginine-HCl, as 
paragin, lysine-HCl, and glycylglycine. Buffers ad 
justed to pH 7 were prepared from maleic acid, histi- 
dine-HC]l, glycylglycine, and the sodium and potassium 
salts of phosphoric acid. Various buffer concentra- 
tions between 0.01M and 0.1M were tested. In these 
screening tests on P. floridana, highest lesion counts 
resulted from the use of 0.1M borate (pH 8). followed 
in order by 0.1M glycylglycine (pH 7). 0.05M histi- 
dine (pH 7) and 0.01M phosphate (pH 7). In tests 
with a given type of buffer. the number of lesions 











varied with buffer concentrations and with pH. Con- 
sequently, the 3 most promising substances were used 
for further tests. Since results obtained with sodium 
phosphate buffer were similar to those with potassium 
phosphate buffer, only the latter was used in subse 
quent tests. 

Buffer concentration Borat slycylelycine. and 
phosphate buffers were prepared, each at 5 different 
concentrations varying from 0.001M to 0.1M. In tests 
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Fic. 1. Relative number of on plants of Physalis 
floridana inoculated with infectious juice diluted 1-100 with 
buffers differing in concentratior 
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Fic. 2. Relative number of lesions on plants of Physalis 
I 


floridana inoculated with infecious juice diluted 1-100 with 
buffers adjusted to different pH values. 


involving a single buffering substance. infectious juice 
was diluted 1-100 with each of che 5 buffers differing 
only in concentrations. A 2-solution inoculation scheme 
was used for the direct comparison of each sample 
with the one diluted with the next most concentrated 
buffer. Inoculated leaves were rinsed within a minute 
following inoculation. 

In the phosphate series, maximum lesion formation 
was obtained where 0.005 M phosphate was used as 
diluent (Fig. 1). Concentrations approaching 0.1M 
had a very definite inhibitory effect. On the other 
hand, no maximum was reached in the glycylglycine 
series. Within the limits tested, the greater the buffer 
concentrations, the greater was the lesion count. The 
same was true in the borate series except that use of 
0.001M borate resulted in slightly more lesions than 
did use of 0.005M borate. Results with the higher 
concentrations of borate were rather striking. An in- 
crease in concentration from 0.05M to 0.1M caused a 
sharp increase in lesion formation. This effect has 
been observed repeatedly and is of particular interest. 
for phytotoxicity also increases sharply over the same 
range. 

While the curves in Fig. 1 were constructed from 
data from 3 independent experiments, they were actu- 
ally located relative to each other with the aid of data 
from another experiment. The 3 buffers, each at 0.01M 
concentrations were compared as diluents by the 
method previously described. The relative lesion 
counts from this experiment then were located on the 
graph and each curve drawn through the appropriate 
points. Thus each point in Fig. 1 is more or less rela- 
tive to each other point. 

pH of buffers—Series of 0.1M borate, 0.1M _ gly- 
cylglycine and 0.01M phosphate buffers, each varying 
in pH, were prepared and compared as diluents. In- 
fectious juice was diluted 1-100 with each of the buff- 
ers and used for inoculation of plants of P. floridana. 
In the borate series, a 2-solution scheme was used so 
that leaves could be rinsed soon after inoculation. 
Since no evidence was obtained of any marked phy- 
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TaBLe 3.—Number of lesions produced on plants inoculated 
with infectious juice diluted with different buffers 


" Fhpealile 


floridana* 41965” 
No. half- No. No. half- No. 

Diluent leaves lesions‘ leaves lesions‘ 
Distilled water 24 1037 
0.01M phosphate pH 7 24 1551** 
0.01M phosphate pH 7 50 1082 28 501 
0.1M glycylglycine pH 7 50 1914** 28 528 
0.1M glycylglycine pH 7 50 1151 410 606 
0.1M borate pH 8 50 2216"* 10 i jana 
0.1M borate pH 8 18 YT fds 36 659** 
0.01M phosphate pH 7 18 78 36 380 


* Juice from tobacco or Nicotiana glutinosa plants infect- 
ed with virus Y was diluted 1-100 with the indicated diluent. 

»U.S.D.A. potato seedling 41956. Infectious juice diluted 
1-25 with indicated buffer. 

*The figures in these columns represent the number of 
lesions formed on the indicated number of half-leaves when 
the samples paired vertically were rubbed on opposite half- 
leaves. The double asterisk means that analysis by Student’s 
t test indicates that the probability is less than 0.01 that the 
observed difference would occur in a homogeneous popula- 
tion. 


totoxic effects of glycylglycine or phosphate, multiple- 
solution schemes, similar to that described in a later 
section, were used in the series involving these 2 
buffers. 

Results with phosphate and glycylglycine were simi- 
lar in that optimum lesion formation resulted from 
the use of buffers at about pH 7 (Fig. 2). Results in 
the borate series were strikingly different, for in this 
case maximum lesion formation resulted from the use 
of buffer adjusted to pH 8. As the pH of the borate 
buffer was increased, phytotoxicity also increased. 
Hence, as in the borate series in Fig. 1, those borate 
solutions that are the least phytotoxic were not neces- 
sarily the ones that permitted maximum lesion devel- 
opment. 

The technique described in the previous section was 
used for drawing Fig. 2 so that any one point can be 
compared with any other point. 

Comparison of diluents.—Data obtained in the pre- 
ceding experiments indicate that on P. floridana, use 
of 0.1M borate buffer (pH 8) results in more lesions 
than that of 0.1M glycylglycine buffer (pH 7) while 
fewest lesions are obtained from the use of 0.01M 
phosphate (pH 7). This conclusion was substantiated 
in further tests where each buffer was compared as 
diluent with each other buffer (Table 3). When 0.1M 
borate (pH 8) was used as diluent, approximately 
twice as many lesions developed as when 0.1M glycyl- 
glycine (pH 7) was used. Use of the latter buffer 
resulted in about twice as many lesions as did use of 
0.01M phosphate (pH 7). While the phosphate buffer 
was the poorest used, it proved to be considerably 
better than distilled water. 

Results with borate buffers were similar when other 
Suscept were used as test plants, but the glycylgly- 


cine buffer was no better than the phosphate buffer. 
When USDA potato seedling 41956 (Solanum tubero- 
sum L.) was the test plant, use of horate resulted in 
twice as many lesions as did use of any other buffer, 
while use of glycylglycine resulted in about the same 
number of lesions as did use of phosphate (Table 3). 
In a comparative test on 6 plants of Lycium halimi- 
folium Mill. 36 leaves were rubbed with infectious 
juice diluted 1-50 with the borate buffer, another 36 
with juice similarly diluted with glycylglycine buffer, 
and 36 with juice similarly diluted with the phosphate 
buffer. Lesion totals were 792, 392, and 380, respec- 
tively. In a similar test of 3 plants of L. chinense Mill., 
each with 15 leaves, the lesion totals were 156, 36, and 
14 respectively. Glycylglycine buffer was not used as 
diluent in tests on Chenopodium urbicum L., but in a 
test with 0.1M borate (pH 8) and 0.01M phosphate 
(pH 7), 30 leaves inoculated with juice diluted 1-30 
with the borate buffer had 2553 lesions while 30 leaves 
on the same plants inoculated with juice diluted simi- 
larmly with the phosphate buffer had 1000 lesions. 

The data show that borate at pH 8 has a beneficial 
effect on lesion formation regardless of the test plant 
used. Only on P. floridana, on the other hand, is gly- 
cylglycine a better diluent than phosphate. Borate 
buffers are not suitable for routine work because of 
their excessive phytotoxicity. Consequently, the gly- 
cylglycine buffer is recommended for tests on P. flori- 
dana and either the glycylglycine or the phosphate 
buffer for tests on other suscepts. 

STRAINS OF viRUS Y.—Many isolates of potato virus 
Y from naturally infected potatoes have been tested 
on P. floridana and all produced local lesions. Two 
strains supplied by H. H. McKinney and described as 
“milder” than the type strain were tested as were a 
“mild” and “severe” strain supplied by R. H. Larson. 
All produced local lesions. While there were minor 
differences in the appearance of the lesions and in the 
rate of lesion development, results indicate that P. 
floridana can be used for a variety of strains differing 
in their effects on other suscepts. 

OrHeER viruses.—P. floridana is susceptible to sev- 
eral viruses, some of which interfere with Y-lesion 
formation. Tobacco mosaic virus (Marmor tabaci 
Holmes) causes large necrotic blotches and leaf-drop. 
Infected plants are useless for assay work. Presence 
of the virus in Y-inocula results in loss of all leaves 
that become infected with tobacco mosaic virus. Plants 
infected with cucumber mosaic virus (Marmor cucu- 
meris Holmes) react to inoculation with virus Y by 
the formation of local lesions (11) but the leaves on 
infected plants may be small and malformed. The 
effect of the presence of this virus in Y-inocula has 
not been determined. 

Since virus Y is often found together with potato 
virus X (Annulus dubius Holmes) in natural infec- 
tions, more extensive tests were made. P. floridana 
was susceptible to all tested strains of virus X but the 
symptoms developed and the effect on Y-lesion de- 
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velopment depended upon the particular strain used Paste 4.—A balanced inoculation scheme for use on Phy- 

The more severe strains, su is the ringspot strain. salis floridana 

produced local lesions very to those caused by 

virus Y. Strains of virus X masked in to Plant 1 Plant 2 tected 

bacco and in Datura stramor L.. also are masked Leaf Branch Branch Branch Branch Branch Branch 

in P. floridana. Presence of such strains in Y-inocula | I | I | I 

does not prevent Y-lesion formation but does retard A B Cc Dp Cs DB B ( A D 

the rate of lesion development his is illustrated by ° 3 | l 2 2 

data from an experiment in which an inoculum con ; D ( BA BD 4 ( DA CB 

taining virus Y alone was compared on opposite half- ) , ; | 2 2 

leaves with an inocul ont o the same amount 

of virus Y to which was 1asked strain of | Pa Pn oa = a ” 

virus X. Lesions were co », 14 and 16 days - : 

following inoculation. On these dates, the half-leaves Bt \ D \B CD CA’ DB 

inoculated with the mixture 1 29. 57 and 93 per . . 

cent, respectively, as many Y-lesions as did those in 9 CA DB BB \ D D ¢ BOA 

oculated with virus Y alone. In routine experiments. - - 2 , ! 

it is not practicable to delay counting until the 16th DA CB D « BA BD \ ( 

day for leaf abscission often occurs about then. Also l l 2 2 } ; 

if the presence of virus X is suspected, counts on 

the 12th day. usually the best for counting. would Plant Scheme Order of 

lead to erroneous conclusions numbers inoculation 
Inocula containing virus X assaved for rela io As shown ABCD 

tive amounts of virus Y if plants of P. floridana sys > 

temically infected with a masked strain of virus X are i LeabRenres sevenses sited 

used. Plants were inoculated whil quite young with 7-9 (As shown ( \ DB 

masked X. Such plants were symptomless. and grew 10-12 As for plants 4-6 BDA 

as well as did healthy plants. When inoculated with 

virus Y, they reacted just as did plants that were Inocula are represented by letters and the sequence of a 

healthy when inoculated. Presence of virus X in the viven pair of letters indicates which inoculum goes on the 

inoculum did not affect either the rate of lesion for left half-leaf and which on the right. Subscripts denote 

j whether the leaf is the first, second, or third one inoculated 

mation nor the number of lesions. This was true r with a given inoculum after renewal of inoculum on the 

gardless of the strain of virus X used. Such “pro- inoculating-pad. Each set of 3 plants should be rinsed im- 

tected” or “immunized” plants have been used rou- mediately following completion of the inoculation. 

tinely in this laboratory for the assay of virus Y in 

the presence of virus X average time between inoculation and the rinse will 
Use OF PHYSALIS FLORIDANA IN OUANTITATIVE WORK be the same for each inoculum. Where a high degree 
Since plants with 16 to 18 good-sized leaves can bi of accuracy is required, 12 plants should be used. In 


used, P. floridana is well suited for inoculation schemes 
l-inocula scheme shown 
and illustrates the 


involving several inocula. Ths 
in Table 4 has been used regularly, 
degree of balance that can be obtained 


The growth habits of P. floridana are such that 
plants can be trimmed to 2 main branches. At a given 
leaf position, the leaves on both branches are very 
nearly the same size and age and react similarly when 


‘ach of 6 or 


trimmed to 6 pairs of matched | 


inoculated with virus Y. Ff 12 plants are 


ives. Each inoculum 


is paired on opposite half-leaves with each other in- 


oculum once on each branch and once at each leaf 
position (in each set of 3 plants). The subscripts de- 
note whether the leaf is the first. second. or third 


one inoculated following renewal of inoculum on the 
pad. On a given plant, the 2 matched leaves have the 
\ given subscript appears but once 
If 6 


or 12 plants are used, each inoculum appears on the 


same subscript. 
at a given leaf position in each set of 3 plants. 
right as often as it appears on the left on each plant 
and at each leaf position. If 4 sets of 3 plants each 
are inoculated in the orders indicated in Table 4, the 


tests requiring less accuracy, 6 plants can be used 
without introducing excessive error due to differences 
among the inocula with respect to the interval between 
inoculation and the rinse. If desired 
on the effect of variables other than the different in- 


information is 


ocula, the data may be analyzed by the analysis of 
variance method. If the significance of the differences 
among the inocula is the only information needed, the 
data may be analyzed by the balanced incomplete 
block method (3). 

Inoculation is facilitated by the use of bi-colored 
marking tags hung on the petiole of each leaf. Colors 
3 notches in 


leaf is 


following 


are used to indicate the inocula and |] 


the margin of the tag to indicate whether a 
the first. third 


renewal. 


second, or one inoculated 


Dilution curve.—Multiple-solution schemes such as 
that described were used for determining dilution 


curves of juice from infected plants. In almost every 
case, curves similar to that shown (Fig. 3) were ob- 
tained buffers diluent the 


test plant was P. floridana. When distilled water was 


when were used as and 
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OILUTION oF JUICE 


Fic. 3. Number of lesions obtained on plants of Physalis 
floridana with different dilutions of juice from plants of 
Nicotiana glutinosa infected with virus Y. The juice was 
diluted with 0.1M glyecylglycine buffer (pH 7). Each in- 
oculum was applied to 24 half-leaves. A balanced incom- 
plete block arrangement of inoculated leaves was used. The 
straight line has a slope of unity and represented actual 
dilution of the virus. 


used as diluent. the curve differed in that use of juice 
diluted 1-10 did not result in a greater number of 
lesions than did use of undiluted juice. It would ap- 
pear, therefore, that the increase in lesion count with 
dilution in the upper part of Fig. 3 is due to the bene- 
ficial effect of the buffer used as diluent. 

Detection of differences in virus concentration. 
Inocula differing in virus Y concentration by 20 per 
cent consistently gave differences in lesion counts that 
were statistically significant, provided each inoculum 
was applied to at least 36 half-leaves. When 72 half- 
leaves were used, inocula differing in virus concen- 
tration by only 10 per cent usually gave significantly 
different lesion counts. Thus the sensitivity of the 
local lesion method when this virus-suscept combina- 
tion is used appears to be of the same order of magni- 
tude as it is with most other virus-suscept combina- 
tions that have been tested. 

Potency assay.—The 2-dilution potency assay method 
of Spencer and Price (13) was applied to solutions 
differing in virus Y content by known amounts. The 
4-inocula scheme shown in Table 4 was used in some 
cases and in others various modifications were used 
that made use of different numbers of leaves. Potency 
of the “unknown” was calculated by the formula sug- 
gested by Sherwood (12). In a given test, an “un- 
known” of known potency relative to the standard was 
prepared by dilution of the juice used as standard or 
vice versa. 

In 8 of the 9 tests, the estimated potency of the 
“unknown” was within 10 per cent of the actual po- 
tency (Table 5). In the lone exception, the 2 differed 
hy about 12 per cent. Thus, it appears that relative 
concentrations of virus Y can be determined with a 


~~ 


TABLE 5.—Estimation of virus Y concentration by compari- 
son of 2 dilutions on Physalis floridana 


No. of Dilutions used” Potency of “unknown” 

half-leaves* Standard Log interval Actual Estimated 
36 1-250 0.5 2.50 2.59 
64 1-300 1.0 1.67 1.80 
36 1-150 0.5 1.43 1.62 
36 1-100 0.5 1.00 0.98 
36 1-100 0.5 1.00 0.98 
36 1-100 0.5 0.70 0.69 
72 1-100 0.5 0.70 0.67 
36 1-100 0:5 0.40 0.39 
72 1-100 0.5 0.40 0.39 


‘Number of half-leaves inoculated with each dilution. 

In a given test, juice from either infected tobacco or 
Vicotiana glutinosa plants was used for the preparation of 
both standard and unknown. A standard was prepared by 
diluting juice as indicated in column 2 and the “unknown” 
by diluting juice so that its virus content differed from that 
of the standard by the ratio indicated in column 4 An 
additional sample of each differing in dilution from the 
above by the log interval indicated in column 3 also was 
prepared, 

* Ratio of virus concentration of “unknown” to that of the 
standard. Estimated values were calculated by the formula 
given by Sherwood (12). 


degree of accuracy comparable to that obtained in the 
assay of other viruses (6, 7, 13). 

Discussion.—Yarwood (14) found that the use of 
| per cent K,HPO, (0.57M) greatly increased lesion 
formation on plants of Phaseolus vulgaris L. inocu- 
lated with any of several viruses. In the present ex- 
periments with potato virus Y, mixtures of Ko,HPO, 
and KH.PO, at concentrations greater than 0.005M 
had an appreciable depressing effect on lesion for- 
mation. That K,HPO, had no specific beneficial effect 
was shown by the fact that when the diluent was com- 
posed largely of this salt. as was the case when mix- 
tures of pH 8 or above were used (Fig. 2), lesion 
formation was depressed. On the other hand, results 
with borate were similar to Yarwood’s results with 
phosphate. In both cases there appeared to be a direct 
correlation between phytotoxicity and enhancement of 
lesion formation. 

There are several disadvantages inherent in the use 
of Physalis floridana as a test plant for virus Y. About 
3 months are required for the production of plants 
suitable for use. During this time the palnts will not 
withstand crowding, hence considerable bench space 
is required. The plants require considerable attention 
for they must be kept actively growing during the en- 
tire growing period and supplemental light is frequent- 
ly necessary. If inoculated plants are exposed to tem- 
peratures much above 70° F., lesion formation will be 
poor or non-existent. Plants are susceptible to several 
other viruses and the presence of some of them in the 
inoculum may lead to erroneous conclusions. These 
disadvantages may limit the amount of work that can 
be done and may prevent use of the plant during part 
of the year or in certain regions, but they do not pro- 
hibit its use. With proper care, satisfactory results 
can be obtained. Until a better test plant is discovered, 
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Physalis floridana should make possible many studies 
on virus Y that previously have not been possible 


SUMMARY 


Satisfactory lesion formation was obtained on plants 
of Physalis floridana inoculated with potato virus Y 
during early flowering. provided the plants had been 
kept growing vigorously and had been given supple- 


mental light if grown during winter months. Lesion 


formation was increased by the use of carborundum, 
by shading, and by post-ino tion temperatures be- 
tween 65° and 70° | Ni formed at 80° F. or 
above. A rapid progressive reduction in lesion count 
resulted from the continued use of inoculating pads 
without renewal of the inoculum. from excessive rub- 
bing, and often from increases in the length of time 
between inoculation and rinsing of leaves. Although 


borate buffers caused severe injury to leaves unless re- 
moved by rinsing within a minute following inocula- 
tion, the use of 0.1M borate (pH 8) resulted in more 
lesions than did that of any other diluent. This was 
followed in order by 0.1M glycylglycine (pH 7), 0.005 
to 0.01M phosphate (pH 7) and water. Inocula differ- 
ing in virus concentration by 20 or 10 per cent regular- 
ly produced statistically significant differences in 
lesion count when 36 or 72 half-leaves, respectively, 
were rubbed with each inoculum. When 2 inocula dif- 
fering in virus concentration by a known amount were 
compared, each at 2 dilutions, the virus content of one 
relative to that of the other was regularly estimated 
with an error seldom exceeding 10 per cent. 
DEPARTMENT OF PLANT PATHOLOGY 
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OCCASIONAL TRANSMISSION OF SOME PLANT VIRUSES THROUGH 
THE EGGS OF THEIR INSECT VECTORS 


L. M. Black ! 


Only 2 plant viruses, rice stunt virus (Fractilinea 
oryzae) Holmes (5) and clover club-leaf virus (Aureo- 
genus clavifolium Black) have been reported to pass 
through the eggs of their insect vectors to the progeny. 
It is the purpose of this paper to report 2 additional 
cases in which this occurs. However, in the 2 in- 
stances to be described, transmission through the vec- 
tors’ eggs is rare, a condition in marked contrast to 
that existing in rice stunt and clover club-leaf virus. 

Both rice stunt and clover club-leaf viruses pass 
through a high percentage of the eggs of viruliferous 
leafhopper vectors to their progeny. The percentage 
of insect progeny transmitting virus to plants does not 
give an accurate measure of the proportion carrying 
either of these viruses. Fukushi (4) found some leaf- 
hoy ypers t hat prod uced viruliferous progeny, whereas 
they themselves failed to infect any plants although 
each had been transferred to a fresh susceptible rice 
Black (data to be published) 
found that some female leafhoppers tested individually 


seedling every day. 


for 3 weeks on each of 3 successive crimson clover 
plants, failed to infect any of them, yet produced 
progeny carrying clover club-leaf virus. Probably in 
these instances the best method of measuring the per- 
centage of transovarian passage of virus is to consider 
only those females whose only source of virus was their 
mother and whose progeny were tested for virus with- 
out having an opportunity to acquire virus from plants. 
Of 18 such individuals recorded in Fukushi’s chart on 
p. 143 (3) all or 100 per cent received virus through 
the egg. Of the 21 families selected without reference 
to virus and recorded in the main line of descent in 
Black’s (2) study of clover club-leaf, only 1 instance 
occurred where the mother of the family failed to re- 
In other words, the trans- 
ovarian passage of virus was 95 per cent. 


ceive virus through the egg. 


In all other cases tested, no transovarian passage 
has been reported. The experiments described below 
were designed to detect a small percentage of trans- 
ovarian passage of wound-tumor virus, Aureogenus 
magnivena Black, and New Jersey potato yellow-dwarf 
virus, Aureogenus vastans H. var. agalliae Black. In 
detecting small percentages of transovarian passage, it 
is essential to eliminate the possibility of the progeny’s 
acquiring small amounts of virus from plants on which 
they are reared. Adequate control of such a possible 
source of error may be obtained by using on the same 

1 Accepted for publication September 17, 1952. 
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plant at the same time vector groups that can be dis- 
tinguished from each other by size, genetic marking, 
or some other means. 

Teitelbaum and Goulet (6) described a maroon 
variant of Agalliopsis novella (Say) which is readily 
distinguished in nymph and adult stages from the 
normal insect. The maroon color was shown to be de- 
termined by a single recessive autosomal gene. In the 
following experiment this colored variant of the leaf- 
hopper was employed to distinguish control and test 
lots of insects. Fourteen maroon ovipositing females 
that had been reared from time of hatching on wound- 
tumor crimson clover plants (Trifolium incarnatum 
..) were placed on each of the Grimm alfalfa (Medi- 
cago sativa L.) plants 1-3. Alfalfa is immune from 
this virus. The same number of ovipositing, non- 
viruliferous normal females were placed on each plant. 
lales were excluded. The plants were grown in 4-in. 
pots of soil that had been steamed to kill weed seeds. 
No weeds were present in any of the cages when the 
progeny were collected 55 days later. The maroon 
and normal progeny were separated and equal num- 
bers from each alfalfa plant were tested in colonies of 
10 on crimson clover plants for 2 weeks. Each colony 
was then transferred to a second test plant for 3 weeks. 
Test plants were observed in a greenhouse during 6 
weeks. Of 25 maroon colonies, 3 were infective, 2 
infecting 1 test plant and 1 both test plants. None 
of 25 normal colonies was infective. 

At the same time, the experiment was duplicated on 
alfalfa plants 4-6 with viruliferous normal females and 
In this case, of 19 
colonies of normal progeny, 7 were infective, 5 in- 
fecting 1 test plant and 2 both test plants. None of 
17 colonies of maroon progeny from alfalfa plants 4-6 


non-viruliferous maroon females. 


were infective. It is concluded that a small percentage 
of transovarian passage of wound-tumor virus occurs 
in Agalliopsis novella. 

There is some indication that individual females may 
vary in the amount of transmission occurring through 
their eggs. Of 11 colonies from cage 5, 6 proved in- 
fective. Of 33 colonies from cages 1, 2, 3, 4 and 6, 
only 4 proved infective. The odds are greater than 
50:1 that such a difference was not due to chance 
alone. Because the parent females had been treated 
as much alike as possible and the individuals in each 
category had been taken at random from a single 
collection for addition to alfalfa plants 1-6, it seems 
probable that a single female in cage 5 differed from 
the other leafhoppers, possibly genetically, in such a 
way as to occasion a higher percentage of transovarian 
passage. 

In this experiment all but 1 transmitting colony 
infected the second test plant and as the average num- 
ber of insects placed on the second test plant for all 
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colonies was 7, as it was also for those from cage ) 


the best estimate*® of the percentage of transovari 
passage is based on a colony iber of 7 insects. In 
cage 5 the amount of transi ian passage was ap 
proximately 10.7 per cent; in the other cages, it was 
approximately 1.8 per cent. 

A similar experiment was ¢ ied out to test tor 
occasional transmission of New Jersey potato yellow 
dwarf virus through the ege of the vector Agallia con 
stricta Van Duzee. [went siting females that 
had been reared from eat | stages on diseased 


crimson clover plants each of 6 Grimm 
alfalfa plants. Alfalfa is b ed to be immune from 
the virus. Two weeks later the adults were removed 
and 80 non-viruliferous control ymphs of medium size 
(M) were added to each alfalfa plant M nymphs 
were also added to a crimson clover plant in the acute 
and another in the chronic stage of the disease. Eleven 
days later all the M nyn phs were collected from the 
6 alfalfa plants as were the vly hatched nymphs 


(N). There were no weeds izes containing the 


alfalfa. From each alfalfa pl the same number of 
M and N colonies of 10 inse each. was tested on 
crimson clover. In some cases this was 6 colonies and 
in others 7; altogether 40 M colonies and 40 N colonies 
were tested. Each colony was tested for 2 weeks on 
each of 3 successive crimson clove plants. None of 
the M colonies from alfalfa infected any plants. al- 


though 20 control colonies of 5 M insects each. from 
the diseased crimson clover plants, infected 56 of 60 
similar test plants. Of the 40 N colonies, only 3 in- 


fected test plants. One colony nfected only 1 test 


$3 The author is indebted to Dr. W. J. Youden for the 
method of calculation 


plant, another infected 2 and the third infected all 3. 
Survival throughout the test was very good and the 
best estimate of the transovarian passage, based on 10 
insects per colony, was about 0.8 per cent. 


SUMMARY 


Females of Agalliopsis novella reared on crimson 
clover plants infected with wound-tumor virus oviposi- 
ted eggs which produced about 1.8 per cent of in- 
fective progeny. Evidence was obtained that occa- 
sionally a female occurs which has a much higher rate 
of transovariany passage of this virus. Females of 
fgallia constrgcta reared on crimson clover infected 
with New Jergey potato yellow-dwart virus oviposited 
eggs which piduced about 0.8 per cent of infective 
progeny. 
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\ STRAIN OF YELLOW BEAN MOSAIC VIRUS PRODUCING LOCAL LESIONS 
ON TOBACCO! 


H. Rex Thomas.and W. J. Zaumeyer 


A reddish-brown blotching of bean pods, sometimes 
accompanied by mottling of leaves and necrosis of 
stems, has been frequently observed in varieties of 
pole snap bean, Phaseolus vulgaris L., grown in Idaho, 
Oregon and Washington. The red-node and yellow- 
dot viruses and what have been assumed to be strains 
of yellow bean mosaic virus have been isolated from 
plants with these symptoms. In preliminary green- 
house tests, one isolate obtained in 1950 from a strain 
of Blue Lake bean grown near Twin Palls, Idaho, ap- 
peared to belong in’ the yellow, fin mosaic virus 
group, but it produced chlorotic fy al lesions on Turk- 
ish tobacco, a response atypical of virtises in this 
group. 

The studies presented here deal with the identifica- 
tion of this isolate. The virus is classified as the severe 
yellow-mosaic strain of yellow bean mosaic virus. 

MATERIALS AND METHODS.—AII “investigations were 
made in the greenhouse at Beltsville, Maryland, at tem- 
peratures of 21° to 27° C. The virus was maintained 
on plants of Pinto U. I. 72 bean’. Carborunénm was 
used as an abrasive in all transfers. Plants were inocu- 
lated in the early stages of growth and in most cases 
the symptoms described are from plants grown 3-6 


When 


symptoms were not visible an attempt was made to 


weeks in 4-in. pots in the host-range studies. 


recover the virus by inoculating either Pinto U. I. 72 
or Stringless Green Refugee bean plants. 

The viruses used in these studies were obtained from 
several sources: a culture of yellow bean mosaic virus 
believed to be representative of the type (Fig. 1. B) 
described originally by Pierce (7) was received from 
F. P. McWhorter, Oregon State College, Corvallis, 
Oregon; Ladino clover yellow-patch virus from K. W. 
Kreitlow; tobacco ringspot virus from H. H. McKin- 
ney; and a necrotic-lesion strain of yellow bean mosaic 
virus (8), a strain of cucumber mosaic virus systemi- 
cally infectious to beans (1), common bean mosaic 
virus, and southern bean mosaic virus from a virus 
collection of the Bean Project, Plant Industry Station, 


Beltsville. Maryland. 


SYMPTOMS AND HOST RANGE.—Bean: In the field the 
pods of infected Blue Lake plants had necrotic reddish- 
brown blotches on the surface and an internal darken- 
ing of the vascular strands. There were veinal necro- 
ses on some of the leaves and necroses of the stems. 
The plants were stunted and many leaves reduced in 
size, curled, and mottled. 

In the greenhouse the pods on all the susceptible 
bean varieties were severely misshapen (Fig. 1, E), but 
no reddish-brown pod blotching characteristic of the 

1 Accepted for publication September 26, 1952. 


“ The initials U. I. indicate that the strain was originated 
by the University of Idaho. 


1] 


field-infected plants was obtained. Symptoms on inocu- 
lated bean plants differed with the variety and, for 
convenience, are placed in 6 groups as follows. 
On‘Blue Lake, Blue Lake 228, and Kentucky Won- 
der a few solid necrotic lesions developed in 5-6 days 
onythe*primary leaves, followed by veinal necrosis, by 


ge&eral chlorosis, and later by abscission. The necrosis 


gradually spread throughout the. plant, finally killing 
it. 

On Great Northern U. I. 15, Pinto U. IL. 72, Idaho 
Pinto, and Michelite beans, reddish-brown lesions were 
followed by slight veinal necrosis and epinasty of the 
inoculated primary leaves, general stunting of the 
plant, curling of the trifoliate leaves, and pronounced 
yellow mottle and some yellow spotting of new leaves. 

Infection on the varieties Stringless Black Valentine, 
Stringless Green Refugee, Topcrop, Sensation Refugee 
1066 and Idaho Refugee was characterized by marked 
epinasty of the inoculated primary leaves (Fig. 1, I) 
followed by severe chlorosis and general breakdown 
(Fig. 1, D). curling of the growing point, development 
of an abscission layer at the pulvini of the leaflet and 
petiole, terminal killing. and death. Local lesions de- 
veloped on Stringless Green Refugee, Sensation Refu- 
gee 1066 and Idaho Refugee. 

On Bountiful, Florida Belle. Tendergreen, Full Mea- 
sure and Contender varieties strong epinasty of the 
inoculated primary leaves was followed by chlorosis, 
but no veinal necrosis or abscission of the trifoliate 
The growing point was not killed but new 
growth was severely mottled (Fig. 1, A) and the 
plants were stunted. 


leaves. 


On Unrivalled Wax. numerous, small, necrotic les- 
ions were followed by slight veinal necrosis of the 
inoculated leaves and very mild systemic mottle. 

No infection was obtained on Great Northern U. LI. 
16, 31, and 123. 

Pea, Pisum sativum L. On Thomas Laxton and 
Perfected Wales, a yellow vein clearing appeared first, 
followed by yellow mottle, slight vein banding. and 
necrotic streaking of the stem. 

Tobacco, Nicotiana tabacum L., N. rustica L., and 
\. sylvestri§ Speg: Numerous chlorotic local lesions, 
1 to 3 mm. in diameter, developed 6-8 days after inocu- 
lation (Fig. 1,C). There was no systemic infection. 

Other Leguminosae: Soybean, Glycine max (L.) 
Merrill var. Patoka and Blackhawk; broadbean, Vicia 
faba L. var. Broad Windsor—severe mottling. 

Asparagus bean. Vigna sesquipedalis (L.) Fruwirth: 
very mild mottle. 

Moth bean, Phaseolus aconitifolius Jacq. and guar, 
Cyamopsis tetragonoloba (L.) Taub: Numerous small 
necrotic lesions, no systemic infection. 

Tepary bean, P. acutifolius A. Gray var. latifolius 
Freeman: systemic mottle, leaf cupping and terminal 
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killing. veinal necrosis of trifoliate leaves. 

Jackbean, Canavalia ensiformis L. (DC.) : Numerous White sweet clover, Melilotus alba Desr: Yellow 
necrotic lesions followed by general veinal necrosis of | mottled areas circular or elongated each with a center 
the inoculated leaves and slight malformation and of normal green, later usually having a necrotic pin- 





H 

Fic. 1. A and B)comparisor re yellow mosaic and ype strains of yellow been mosaic on Bountiful bean leaves 
of the same age. A) Se causing extreme mottling and reduction in leaf size. B) Type strain, causing 
moderate leaf mottle. C-I Seve osaic virus symptoms produced on certain hosts. C)Chlorotic local lesions on 
tobacco leaf. D) Inoculated | ' if of Stringless Green Refugee bean. E) Misshapen pods from infected plant 
of Topcrop bean. F, G) Syste nfection on white sweet clover leaves. H) Healthy Stringless Green Refugee bean 
plant. I) Epinasty of inoculate iry leaves and tip curvature on Stringless Green Refugee bean. 
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point center with a small chlorotic halo (Fig. 1, F, G). 
The necrotic area may enlarge to 1 mm. in diameter 
on older leaves. 

Crimson clover, Trifolium incarnatum L: Intense 
yellow mottle and severe stunt. 

Ladino clover, T. repens L. f. giganteum Lagr.-Foss: 
mild mottle. 

No infection was observed on the following: Spinach, 
Spinacia oleracea L. var. Bloomsdale; cucumber, Cu- 
cumis sativus L. var. Cubit; zinnia. Zinnia elegans 
Jacq. var. California Giant; cabbage. Brassica oleracea 
var. capitata L. var. Jersey Wakefield; snapdragon, 
{ntirrhinum majus L. var. Tall Giant; t6mato, Lyco- 
persicon esculentum Mill. var. Marglobe; jimson weed, 
Datura stramonium L.; Nicotiana glutinosa L.: lima 
bean, Phaseolus lunatus L. var. Triumph; runner bean, 
P. coccineus L. var. Streamliner; red clover, Trifolium 
pratense L.:; alfalfa, Medicago sativa L.; pea, Pisum 
sativum L. var. Rogers Perfection, Wisconsin Perfec- 
tion, and Associated Seed Growers Resistant Early 
Perfection 326. 

Propertits.—Expressed juice from young Stringless 
Green Refugee plants was used for all studies of 
physical properties and results were based upon sys- 
temic infection in this variety. Twenty plants were 
inoculated for each test. 

The virus was inactivated in 10 minutes at 50°-55°C. 
It withstood dilution of 2000 but not 3000 and 
wes infectious after storage for 48 hours in vitro at 
18° C., but not after 72 hours. 

Cross prorection.—Fifteen to 20 plants of String- 
less Green Refugee were inoculated with each of the 
following viruses: common bean mosaic, necrotic-lesion 
strain of yellow bean mosaic. and a strain of cucumber 
mosaic systemically infectious on beans. After the 
systemic symptoms of the several viruses had developed 
on the inoculated plants. 10 plants infected with each 
virus were inoculated with severe-yellow-mosaic virus. 
Approximately 14 days later terminal necrosis, char- 
acteristic of severe yellow mosaic, developed on all 
plants except those infected with common bean mosaic. 
However. 10 days later these plants also developed 
terminal necrosis. The only check plants that showed 
any necrosis were those inoculated with severe-yellow- 
mosaic virus. 

Trifoliate leaves of Pinto U. I. 72 systemically in- 
fected with severe-yellow-mosaic virus were inoculated 
separately with the necrotic-lesion strain of yellow bean 
mosaic, tobacco ring-spot, southern bean mosaic, and 
Ladino clover yellow-patch viruses. Thirteen days later 
local lesions typical of the 4 viruses developed on the 
leaves infected with severe yellow mosaic virus as well 
as on the leaves of the previously uninoculated check 
plants. 

Healthy Unrivalled Wax bean plants and some that 
has been systemically infected with the necrotic-lesion 
strain of yellow bean mosaic virus were inoculated 
with the severe-yellow-mosaic virus. Ten days later, 
primary lesions typical of severe mosaic developed on 
the inoculated leaves of both groups of plants. 


Mottled leaves of broadbean infected with severe- 
yellow-mosaic virus and leaves of healthy plants were 
inoculated with the necrotic-lesion strain. Seven days 
later local lesions developed on the leaves of both 
groups of plants. 

These results suggest that on the basis of cross pro- 
tection severe-yellow-mosaic is not related to the fol- 
lowing viruses: southern bean mosaic, a strain of cu- 
cumber mosaic systemically infectious to bean, tobacco 
ring-spot, Ladino clover yellow-patch, common bean 
mosaic, and the necrotic-lesion strain of yellow bean 
mosaic. 

Discussion.—Host-range and property studies sug- 
gest that the severe-yellow-mosaic virus is in the yellow 
bean mosaic group. Lack of cross protection by severe- 
mosaic virus, common bean mosaic virus, and the 
necrotic-lesion strain of yellow bean mosaic virus is 
evidence to the contrary. However, this is not con- 
sidered sufficient to exclude severe-yellow-mosaic virus 
from the yellow bean mosaic virus group, mainly be- 
cause of the similarity of symptoms produced on many 
bean varieties by severe-yellow-mosaic virus and cer- 
tain strains of yellow bean mosaic virus. The failure 
of severe-yellow-mosaic virus to infect Great Northern 
U. I. 123 bean, Wisconsin Perfection pea and runner 
bean is a characteristic in common with yellow bean 
mosaic virus. 

The severe-yellow-mosaic virus can readily be dis- 
tinguished from previously described strains of yellow 
bean mosaic virus. In Table 1 are listed symptoms 
on certain hosts, helpful in distinguishing several of 
the previously reported strains of the yellow bean 
mosaic virus (2, 3, 4, 5, 6, 7, 8, 9,10). The necrotic- 
lesion and severe-yellow-mosaic strains are the only 
2 reported infectious on tobacco. The former virus 
produces large, white local rings on the inoculated 
leaves while severe-yellow-mosaic virus produces numer- 
ous chlorotic local lesions 1-3 mm. in diameter. Other 
rapid means of distinguishing these 2 viruses are as 
follows: (1) the necrotic-lesion strain produces solid 
brownish-red necrotic local lesions on broadbean while 
the severe-yellow-mosaic virus produces systemic mot- 
tle; (2) the former virus produces local lesions on 
Great Northern U. I. 123, while severe-yellow-mosaic 
virus is not infectious to this variety and (3) the 
necrotic-lesion strain causes no pod malformation while 
severe-yellow-mosaic virus produces it. 

Pod-distorting and severe-yellow-mosaic viruses are 
similar in that both cause severely misshapen pods and 
systemic necrosis on many bean varieties. Pod-dis- 
torting virus does not infect broadbean, soybean, or 
tobacco whereas severe-yellow-mosaic virus infects 
these hosts. 

Isolate 1, a strain of yellow mosaic virus, reported 
by Hagedorn (3) can be distinguished from severe- 
yellow-mosaic virus by not infecting tobacco. The 
type strain of yellow mosaic virus differs from severe- 
yellow-mosaic virus in producing much milder symp- 
toms on most hosts. Severe-yellow-mosaic virus pro- 
duces considerable necrosis on many bean varieties 
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TABLE 1. Comparison « symptoms produced by strains 


Species or variety é Pod-distorting 


Beans 


he yellow’bean mosaic virus on various species* 


Severe yellow 
X Isolate 1 Necrotic lesion mosaic 


Blue Lake M tt x] lop necrosis Necrosis Necrosis VMottle. some Necrosis 
Sstul I node necrosis 

Bountiful Mott stunt lop necrosis Mottle Mottle, stunt 

Great Northern U.I. 123 Fair ttle None Local lesions None 

Michelite VMottle, stu Top necrosis Stem necrosis, Local lesions, Severe mottle, 

mottle no top mottle some top necrosis 
necrosis 

Peas 

Wisconsin Perfectior \ None None None None None 

Perfected Wales D Ow Yello Mottle None Mottle 

ein che 
Crimson clover Vein clearing Yellowish Mottle Mottle, None Mottle, dwarfing 
reel tte dwarfing 
if s vein clearing 
Red clover None None Vottle Vottle None None 
Broadbean Lig enis None Mottle Mottle Local lesions Mottle 
Cowpe a \ None Local lesions, None 
mottle 
Asparagus bean \ Local lesions, Mottle 
mottle 

Soybean Vl None Chlorosis Mottle Mottle 
Tobacco N None None White local rings Chlorotie locals 

‘Except those for necrotic-les ind severe-mosaic strains the data are based on previously published reports. 

Taken from Grogan and W 

X virus reported on various irieties (5) 

"Taken from Zaumeyer and W 0) 
while the type strain does not. A 1dequate comparison 31, and 16. 
with the X strain (5) is not possible because of the Except for the yellow necrotic-lesions on \icotiana 
limited published data tabacum, N. rustica and N. sylvestris, no infection 

The thermal inactivation point of the severe-yellow- was obtained outside the Leguminosae. 
mosaic strain, 50° to 55° ¢ s the lowest reported fo1 The virus was inactivated between 50° and 55° C. 
any of the strains of yellow be nosaic virus although in 10 minutes and at 18° C. between 48 and 72 hours. 
McWhorter (6) reported strains with thermal inac- It withstood dilution of 2000 but not 3000 
tivation points of 56°. 57° and 58° ¢ Phe type strain No cross protection against severe-yellow-mosaic virus 
was inactivated between 58° and 60° ¢ was obtained from viruses of common bean mosaic, 

If yellow bean mosaic virus should become a consis- — the necrotic-lesion strain of yellow bean mosaic, Ladino 


tent serious factor in bean production in any area, it 
should be noted that Great Northern U. L. 123 has been 
reported resistant to systemic nfection by 3 of the 
strains. The new Great Northern varieties U. I. 16 


and U. I. 31 are also resistant to the severe-yellow- 


mosaic and necrotic-lesion strains and probably to the 
pod-distorting strain. These 2 varieties might be good 
sources of resistance as they are also resistant to curly 
top. common bean mosaic. and the strain of common 


bean mosaic infectious to Great Northern U. I. 15. 
Robust, and Michelite be 


S VI MAT 
Severe-yellow-mosai virus which causes. strong 
epinasty, chlorosis, and veinal necrosis of the inocu- 
lated primary leaves followed by top necrosis and 
death of certain bean varieties and severe systemic 


mottle in others was isolated from a bean plant in 
Idaho. 

The virus was infectious to all varieties of beans 
tested with the exception of Great Northern U. I. 123, 


clover yellow-patch, tobacco ring-spot, southern bean 
mosaic, and a strain of cucumber mosaic. 

Because of the similarity of properties and particu- 
larly of host range and of symptoms produced on 
beans the virus is classified as severe-yellow-mosaic 


strain of yellow bean mosaic virus. 


PLANT INDUSTRY STATION 
BELTSVILLE, MARYLAND 
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STUDIES ON BAYBERRY YELLOWS ! 


S. P. Raychaudhuri ” 


A yellows-type disease on bayberry plants (Myrica 
carolinensis Mill.) in the blueberry (Vaccinium corym- 
bosum L.) and cranberry (Vaccinium macrocarpon 
Ait.) growing areas near Pemberton, New Jersey, was 
observed in 1950 by Dr. L. O. Kunkel who transmitted 
the virus to carrot (Daucus carota L.) and periwinkle 
(Vinca rosea L.) plants by dodder (Cuscuta campestris 
Yuncker). Symptoms in these plants indicated that 
the disease which he designated bayberry yellows was 
not caused by the viruses of blueberry stunt nor false 
blossom of cranberry.” Raychaudhuri (15) reported 
in a preliminary account that in bayberry-yellows- 
affected periwinkles symptoms were not identical with 
those of any of the known yellows diseases studied 
earlier in this host. 

The writer observed bayberry disease in 2 locations 
near Pemberton, N. J. but could not find it in the 
vicinity of Yonkers, New York or near Bear Mountain 
in New York State. The disease was characterized by 
yellowing, stunting, and often by a witch’s-broom ap- 
pearance (Fig. 1). Affected plants were normally 
sterile but in some instances bore a few healthy shoots 
with normal fruits. Severely affected plants could be 
recognized from a considerable distance since they 
were very much stunted and their leaves were reduced 
in size. 

MATERIALS AND METHODS.—AIl periwinkle. cran- 
berry, and blueberry plants under experiment were 
grown from cuttings belongimg to the same stock of 
healthy clones, respectively. Healthy dodder of the 
species Cuscuta campestris Yuncker and C. subinclusa 
Dur. and Hilg. was obtained from Dr. L. O. Kunkel 
who also kindly supplied a periwinkle plant affected by 
the bayberry yellows virus. Potato plants were raised 
from virus-free tubers of the Katahdin variety obtained 
from Dr. E. S. Schultz of the Bureau of Plant Industry, 


U.S. Department of Agriculture, Beltsville, Maryland. 

' Accepted for publication September 22, 1952. 

~ Visiting Investigator, the Laboratories of the Rockefeller 
Institute for Medical Research, New York, on study leave 
from the Indian Agricultural Research Institute, New Delhi, 
India. 

The author expresses his gratitude to Dr. L. O. Kunkel 
for his interest and guidance throughout the course of in- 
vestigations. Thanks are also due Drs. L. M. Black, Armin 
a Braun, and Karl Maramorosch for many helpful sug- 
gestions, 


3p ° P 
> Personal communication. 


Healthy bayberry cuttings were used for transmission 
experiments. Later, bayberry seedlings were grown 
from true seeds that had been collected from healthy 
plants. Plants of other species were raised from seeds 
purchased from commercial seed houses unless other- 
wise stated. Insects collected from the Pemberton area 
and Macrosteles divisus Uhler obtained from a virus- 
free colony maintained at the Rockefeller Institute for 
Medical Research were used in transmission experi- 
ments. In all insect tests plants were covered with 
celluloid cages of suitable size. In some instances in- 
sects were fed on single leaves by means of the insect- 
vector cage described by Maramorosch (14). 
TRANSMISSION OF THE VIRUS.—T ransmission by grajt- 
ing.—Cleft-grafts were used in all grafting experi- 
ments. The virus was easily transmitted in the green- 
house by grafting from diseased periwinkles to 46 
healthy periwinkle plants. Symptoms appeared in these 
plants within 32-47 days. Diseased scions obtained from 
infected bayberry plants at Pemberton were grafted to 
healthy stocks of 4 bayberry plants in a greenhouse. 
Three of these showed disease symptoms after 56 to 
96 days. Scions of diseased petunia plants (Petunia 
hybrida Vilm. var. nana compacta (Cream Star) ) that 
had been infected by means of dodder removed from 
diseased periwinkle plants were grafted to healthy 
stocks of Petunia hybrida, Lycopersicon esculentum 
Mill. (tomato’, Solanum tuberosum L. (potato), Nico- 
tiana tabacum L., N. glutinosa L., and N. rustica L. 
All 12 petunia plants showed disease symptoms after 
35-58 days but the others remained healthy. 
Transmission by dodder.—Healthy plants of dodder, 
maintained by transferring branches routinely on 
healthy Nicotiana glauca Grah. plants, were transferred 
to bayberry and periwinkle plants infected with the 
bayberry-yellows virus. The dodder was trailed round 
the apical shoots of test plants and within 6-10 days 
had parasitized them. On periwinkle it flourished 
and grew well. On bayberry. however, it withered 
within 52-67 days. Dodder that had been growing on 
diseased bayberry or periwinkle plants for 3-4 weeks 
was transferred from each source to 5 healthy bay- 
berry, 6 healthy periwinkle, and 24 healthy young 
carrot plants. The dodder was allowed to parasitize 
the test plants for a period of 45 days, after which it 
was removed. In the control experiment 3 healthy 
bayberry. 6 healthy periwinkle, and 12 healthy young 























16 


carrot plants were used. Cuscuta campestris readily 
transmitted the virus from diseased periwinkle to heal- 


thy periwinkle and carrot plants. All periwinkle plants 


and 21 of 24 carrot plants became infected after 32-77 
and 48-103 days, respectively. When attempts were 


made to transfer the virus from bayberry plants by 


dodder, only 1 of 5 bayberry plants. 3 of 6 periwinkles, 


and 7 of 24 carrot plants became diseased. Control 
plants observed for 28 weeks showed no disease symp- 
toms. 

A number of dodder-transmission experiments with 
plants of other species belonging to 11 families were 
carried out. One of 24 Myrica carolinensis Mill., 58 
of 58 Vinca rosea L., 127 of 136 Daucus carota, 16 of 


beet 24 of 24 Petunia 


otar), 


16 Beta vulgaris L. 
hybrida Vilm. var. nana compacta (‘ 
19 of 24 Allium 
fected. The 
Callistephus chinensis Nees 
officinalis L., Zinnia multiflora I 


(sugar 
ream and 


cepa L. (onion plants became in- 
infected: 
Cale ndula 


Medicago sativa L. 


following species were not 


(China aster 


(alfalfa), Phaseolus vulgaris | Vicia faba L., Tri 
folium incarnatum L. var. Bokhara (Tall Sweet), Vac- 
cinium corymbosum L.. V. rocarpon Ait., Gom- 
Phrena globosa L., Datura stramonium L.. Solanum 


melongena L., S. tuberosum L., Lycopersicon esculen- 


tum Mill.. 


glutinosa L., N. 


Nicotiana tabacum | V. glauca Grah.. N. 


rustica | und Prunus persica (L.) 


Stokes. Each test plant was under observation for 16 
weeks. 
In a limited number of tests transmission was also 


obtained by means of Cuscuta subinclusa. 


{ttempts to transmit the virus by mechanical means. 


Extracts from severely affected young leaves of bay- 


berry, yeriwinkle, and carrot ylants were used to inocu- 
; | 


late young leaves of 4 healthy bayberry. 6 periwinkle. 


12 carrot, and 12 beet plants. employing 320-mesh car- 


borundum as an abrasive and the usual rubbing meth- 


od. The inoculated plants in each experiment were 


under observation for 20 weeks. None of them de- 
veloped disease symptoms The experiment was re- 
peated with similar results. 

Attempts to transmit the virus by insects.—The fol- 
lowing insects, belonging to the Cicadellidae, were 
collected from affected bayebrry plants during 


the period June to October. 1951:4 Empoasca fabae 
Harris. Erythroneura sp. (obliqua group), Graphocep- 
hala coccinea (Forster), Gyponana octolineata (Say). 
Scaphytopius acutus (Say), Scaphytopius verecundus 


(Van D.). 


D.). and Scleroracus sp.. 


Scaphytopius sp.. Scleroracus vaccinii (Van 


possibly new 


The author is thankful to Dr. Edgar G. Rex and Dr. 
Martin T. Hutchinson for their cooperation in insect col 
lection from Pemberton, New Jersey, and to Dr. C. F. W. 
Muesebeck of the U. S. Department of Agriculture, Wash 


ington, D. C.. for identifying the ifhoppe rs. 

Fics. 1 : 5—7. Fig. l. a) Healthy shoot of bayberry. b) 
winkle flowers: the flower at the extreme right is healthy: 
formation and virescence.—Fig. 3. 


affected by bayberry-yellows virus.—Fig. 6. 
yellows-affected periwinkle cured by heat 
(control). 


treatment. b) 
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other 
\ diseased periwinkle leaf showing thickened and wavy midrib. 
A petunia plant affected by bayberry-yellows virus. 
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Transmission experiments were attempted with those 
insects which survived a preliminary 2-week test feed- 
ing on blueberry, cranberry, alfalfa, China aster, peri- 
winkle, or carrot plants. This preliminary test was 
undertaken to determine whether or not the leafhop- 
pers were already carrying viruses to which the test 
None of the plants of the 
6 species showed disease symptoms during a period of 
104 days. 
bayberry-yellows-affected 


plants were susceptible. 


Later, these insects were allowed to feed 
on carrot and periwinkle 
plants for varying periods and were subsequently caged 
on healthy test plants. None of them transmitted bay- 
berry yellows during the period of observation which 
ended in May, 1952. 

In another experiment. Macrosteles divisus leafhop- 
pers obtained from virus-free colonies were caged on 
carrot plants affected by bayberry yellows and after a 
l-week feeding period were transferred to healthy 
aster and carrot plants. As a control, virus-free M. 
divisus were confined on carrot plants infected with 
aster yellows and then were transferred to healthy aster 
and carrot plants. M. divisus transmitted the aster- 
yellows virus from carrot to aster and carrot plants but 
failed to transmit the virus causing bayberry yellows. 

{ttempts to transmit bayberry yellows through seed. 

Bayberry seeds.—Since severely diseased bayberry 
plants were sterile, seeds were collected from partially 
branches 


diseased plants in which only 1 or a few 


showed symptoms. They germinated readily when sub- 
jected to a period of after-ripening (1) at 5° C. or 
were placed in open. mulched coldframes during win- 
ter months (December to February) for a period of 
10 weeks prior to placing the flats in the greenhouse. 
Of 50 seeds, 38 germinated (76 cent) and all 
plants remained healthy for a period of 18 weeks when 


per 


the experiment was ended. 

Periwinkle seeds.—In severely diseased periwinkle 
plants the flowers were virescent and seeds did not 
Hence. seeds were collected from branches 
borne by 3 partially diseased plants. Of 50 seeds, 
12 germinated (84 per cent) within 3—5 weeks in the 
greenhouse in flats containing All remained 
healthy for 18 weeks after which no further observa- 


develop. 


sand. 


tions were made. 

Dodder 
campestris plants that had been growing for 8 months 
on a periwinkle plant affected by bayberry yellows. 
Of 100 seeds that were sown in the greenhouse in a 
flat containing sand, 52 germinated. Each of 26 of 
seedlings was allowed to parasitize a 


seeds.—Seeds were collected from Cuscuta 


these dodder 
healthy young periwinkle plant and each of the other 
After 45 days all 
None of the test 
plants showed any disease symptoms up to the twen- 


26. a healthy young carrot plant. 
dodder was removed and destroyed. 


Bayberry shoot affected by yellows disease.—Fig. 2. Peri- 
5 flowers are diseased and show various degrees of mal- 

Fig. 5. A carrot plant 
Fig. 7. a) Bayberry- 
Bayberry-yellows affected periwinkle without heat treatment 


RAYCHAUDHURI: BAYBERRY YELLOWS STUDIES 














18 PHYTOPATHOLOGY 


tieth week. 

SYMPTOMS PRODUCED BY BAYBERRY-YELLOWS VIRUS ON 
DIFFERENT VM yrica The first 
symptom visible on young apical leaves was a slight 


HOSTS. arolinensis. 
waviness of margins and tips. Leaves showed distortion 
of margins and apices, were pale, yellowish, much re- 
duced in size, crowded and leathery. The internodes 
were shortened and the whole plant was stunted. Plants 
sterile However, a few 


infected at an early age were 


fruits were formed on late-infected plants. 


Vinca rosea.—The virus did not cause severe stunt- 


ing of periwinkle plants. The first symptoms were 
clearing of veins, various types of malformation of 


) 


leaves and flowers, and virescence of flowers (Fig. 2). 


The leaves later became yellowish and much reduced 


in size. Frequently in severely diseased leaves the 


) 


midrib was very much thickened and wavy (Fig. 3). 


Petals of newly-formed blossoms were pale. white, and 


finally green. Frequently the branches were very 
thin and bore minute leaves The style of diseased 
flowers was very short, green. and somewhat condensed. 
Frequently a new bud was borne by the pistil at its 


id from this a new virescent 


stigmatic end (Fig. 4) a 
flower developed. 
plants were chlor- 


Daucus carota.—Leaves of young 


otic, much reduced in size and the petioles were some- 
(Fig. 5). 


was much condensed and a bushy 


what twisted Occasionally the main crown 


type ot orowth de- 


veloped. Roots were distorted, twisted, and much re- 
duced in size. 


Beta 


duced in size. chlorotic. 


characteristically re- 


narrow. leathery and variously 


vulgaris.—Leaves were 


malformed. Sometimes only a thin wiry midrib was 


left with very narrow strips of lamina. The plant was 
considerably stunted. 
chlorotic. reduced in 


Petunia hyvbrida.—Leaves wert 


size, and plants were dwarfed (Fig. 6). Vein-clearing 
was observed in young leaves. Flowers were variously 
malformed and virescent. 


Apium graveolens.—Plants were not reduced in size. 
Chlorosis on young leaves was the first symptom. Later 
the light yellow areas turned a deep yellow. Petioles 
were not twisted as in aster-yellows infection. 

Except that plants were stunted 
habit of 


noticeably different from that of healthy plants. 


Tagetes signata. 
and chlorotic. the srowth was not 


F low- 


ceneral 


ers on severely infected plants were pale green and 


never opened. 


Allium cepa.—Plants were severely dwarfed and 
leaves were chlorotic. Plants infected withered early 
and died in 76-112 days 

Cuscuta campestris.—Infected dodder, grown on 
aster plants immune from the virus, was reduced in 


about 14-1, 


diameter by Flowers and viable seeds 
were produced by diseased dodder. 

Cuscuta subinclusa.—Due to infection with bayberry- 
yellows virus, this dodder, maintained on aster plants, 
was reduced in diameter by about 4%. Normal flowers 
were produced. 


RETENTION OF BAYBERRY-YELLOWS VIRUS IN CUSCUTA 
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Fic. 4. a) Longitudinal section of a virescent periwinkle 
flower showing dwarfing. Xx 2: b) condensed style of a 
virescent periwinkle flower bearing a flower bud at its 
stigmatic end. & 4; c)Longitudinal section of a healthy 


periwinkle flower. 2. 


CAMPESTRIS.—To determine how long the bayberry 
yellows virus was retained by dodder, a piece of an 
infective branch (about 2 in. long) growing on a bay- 
berry-yellows-affected periwinkle plant was trans- 
ferred to an immune host, a young aster plant, in 
April, 1951. This stock was maintained by routinely 
transferring to young healthy aster plants. At weekly 
or biweekly intervals smal! branches of dodder were 
removed from each set of aster plants and transferred 
Each set of 
aster plants was under observation for 18 weeks. Dod- 
14 months. All the 
carrot plants, excepting 6 in 3 tests made in December, 
195] 1952, 


The dodder showed disease symptoms during this long 


to 2 or 3 young healthy carrot plants. 
der transfers were continued for 


and January, showed disease symptoms. 


period of 14 months. Hence, the virus was presumably 
retained in dodder over a period of 14 months. 

The tech- 
nique employed was the same as that described by 
Kunkel (9). 


a temperature of 42° C., 


CURE OF THE DISEASE.—Heat-treatment. 
Since bayberry plants failed to tolerate 
periwinkle plants with well 
developed symptoms of bavberry yellows were placed 
in a hot room on a table very close to a window. These 
test plants were 5-6 months old and about 1% to 2 ft. 
high. They were held for from 1-14 days at 36.5°-37 
C. and 41.5°-42° C.,, untreated 


plants in each test served as controls. 


Two 
After treatment 


respectively. 


the plants were removed to a greenhouse and observed 
for 9 months. Treated plants which produced healthy 
foliage and normal pink flowers (Fig. 7) over a period 


Healthy 


periwink'e plants were grafted with scions from heat- 


of 6 months or more were considered cured. 


treated plants in order to confirm whether or not the 
All tested plants kept 6 
were cured, while plants 


latter were actually cured. 
days or longer at 41.5°-—42° C. 
treated for shorter periods or at lower temperature re- 
mained diseased. 

To determine whether or not cured periwinkle plants 
were immune from bayberry yellows. 2 plants cured by 
exposure to 41.5°—42° C. for 6 and 8 days, respectively. 
were grafted with diseased scions from periwinkles. 


in 


nts 
by 


les. 
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Within a period of 34-41 days, both showed symptoms 
of bayberry yellows. Hence, the cured periwinkles were 
not immune from bayberry yellows. 

Ultraviolet radiation —Diseased Cuscuta campestris 
and C. swbinclusa, that had been growing on bayberry- 
yellows-affected periwinkles for 3-6 months, were ir- 
radiated by a Hanovi ultraviolet lamp having a spec- 
trum at 2537 A and running on 110 volts A.C. at a 
distance of 6 to 7 cm. In 4 experiments with C. 


campestris and 2 with C. subinclusa, batches of 6 


branches of dodder, approximately 2 in. long, were 
irradiated for 10 minutes, 1 hour, 2 hours, and 4 hours. 
Similar sets of healthy dodder were irradiated as con- 
trols. The treated dodder was then transferred to 
healthy young carrot plants and allowed to parasitize 
them for a period of & weeks after which it was re- 
moved and destroyed. Healthy or diseased dodder 
irradiated for 4 hours dried and withered on the 
carrot plants. The test plants bearing dodder that had 
been irradiated for 10 minutes, 1 hour, and 2 hours 
came down with bayberry-yellows symptoms in due 
course. This indicated that bayberry-yellows virus in 
dodder was not inactivated by exposure to ultraviolet 
light for periods up to 2 hours. All control plants 
remained healthy. 

Discussion.—The virus causing the yellows disease 
of bayberry produced typical symptoms of the yellows 
type in all susceptible species which were tested. It 
also resembled the viruses causing yellows diseases 
in its inability to be transmitted mechanically o1 
through seeds and also in its cure by heat treatments. 
Two species of dodder. Cuscuta campestris and t. 
subinclusa, transmitted it to susceptible hosts. In its 
host range, however, it showed distinctive character- 
istics. Among all the solanaceous species tried the 
virus infected only Petunia hybrida. No leguminous 
plant was infected, 

Although the vector of the virus has not been 
determined thus far, negative results with Macro- 
steles divisus, Scleroracus vaccinii and Scaphytopius 
verecundus indicated that the virus of bayberry yellows 
differed from those of aster yellows (7). cranberry 
false blossom (4), and blueberry stunt (18). Unlike 
the California strain of aster-yellows virus. bayberry- 
yellows virus could not be transmitted to Zinnia (8). 
Symptoms produced on celery differed from those of 
the California strain of aster yellows (16). The in- 
ability of bayberry-yellows virus to infect potato plants 
indicated that it differed from potato witch’s broom 
virus (li) and from alfalfa witch’s broom (13). Also. 
hayberry yellows seemed to differ from big bud of 
tomato because during 7-8 weeks tomato plants that 
were grafted with diseased scions of Petunia did not 
become infected. 

Bayberry-yellows virus was presumably retained in 
dodder growing on healthy plants over a period of 14 
months. In this respect it behaved like the viruses 

* Dr. George I. Lavin’s cooperation in these experiments 
was much appreciated, 


causing cucumber mosaic (2) and cranberry false 
blossom (3, 12) but not like those causing tobacco 
mosaic or tobacco ringspot (6). 

Bayberry-yellows disease was cured in periwinkles 
after exposure at 41.5°-42° C. for 6 days or more. 
At 36.5°-37° C. the disease could not be cured when 
plants were exposed for periods up to 14 days. Bay- 
berry-yellows virus resembles aster yellows (10), 
potato witch’s broom (11), cranberry false blossom 
(12), and alfalfa witch’s-broom (13) viruses in its 
thermal inactivation point, although it differs from 
them in many other respects. 

The virus causing the yellows disease of bayberry 
seems to differ from any previously described. It re- 
sembles closely members of the genus Chlorogenus (5) 
and is proposed as a new species and designated as 
Chlorogenus myricae sp. noy. The virus could also 
be designated as Myrica virus 1 according to Smith 
CEE 


SUMMARY 


\ yellows-type disease was observed in bayberry 
(Myrica carolinensis) plants growing in Pemberton, 
New Jersey. 

The virus was transmitted by cleft-grafting and also 
by the agency of dodder, Cuscuta campestris and C. 
subinclusa, but not by juice inoculation. Ten species 
of leafhoppers were tested but failed to transmit the 
virus, nor could it be transmitted through seeds of 
bayberry, periwinkle, or dodder. 

The virus was transmitted to Myrica carolinensis, 
Vinca rosea, Daucus carota, Beta vulgaris, Petunia 
hybrida var. nana compacta (Cream Star), Apium 
graveolens var. Burpee’s Fordhook, Tagetes signata 
var. pumila (Golden Yellow), Allium cepa, Cuscuta 
campestris, and C. subinclusa. The following species 
proved nonsusceptible: Callistephus chinensis (China 
aster), Calendula officinalis, Zinnia multiflora, Medi- 
cago sativa (alfalfa), Phaseolus vulgaris, Vicia faba, 
Trifolium incarnatum var. Bokhara (Tall Sweet). Vac- 
cinium corymbosum, V. macrocarpon, Gomphrena glo- 
bosa, Datura stramonium, Solanum melongena, S. 
tuberosum, Lycopersicon esculentum, Nicotiana taba- 
cum, N. glauca, N. glutinosa, N. rustica, and Prunus 
persica, 

In all species except dodder the virus caused typical 
yellows symptoms. 

Bayberry-yellows virus was apparently retained by 
dodder over a period of 14 months, growing on healthy 
aster plants which are immune from the virus. 

Bayberry yellows in periwinkle was cured by heat 
treatment at 41.5°-42° C. for 6 days or more, but not 
at 36.5°-37° C. when exposed up to 14 days. 

Bayberry-yellows virus was not identical with any of 
the known yellows viruses. 
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DECAY OF WOODEN BUILDINGS 


IN NEW YORK STATE! 


eS Silverborg - 


Relatively few species of fungi are mentioned in the 
literature as being primarily responsible for decay of 
wood in buildings. In this country Poria incrassata 
(Berk. & Curt.) Burt. Coniophora cerebella Pers 
Fomes roseus (Alb. & Schw. ex Fries) Cooke. and 


Lenzites saepiaria (Wulf. ex Fries) Fries. have been 
reported (7, 8, 9, 10. 12, 14) as the fungi most com 
monly associated with decay in wooden structures. In 
Europe Cartwright (1), Cartwright and Findlay (2). 
and others have listed Merulius lacrymans Wulf. ex 
Fries, Poria vaillantii (DC. ex Fries) Cooke. Conio 
phora cerebella and Paxillus panuoides Fries as the 


primary building decay fungi 
A knowledge of the specific { 


s important for decay control 


my ilved in dec ay 


of building timbers 
These fungi not only have different requirements for 
their growth but vary considerably in tolerance to dif- 
ferent wood preservatives. Poria xantha (Fries) Cooke. 
one of the fungi collected most frequently during this 
study, has been reported by Hirt (6) and Tinpo et al 
(15) to be tolerant of copper Also, Duncan and 
Richards (5) in laboratory tests of various wood pre- 
servative have reported Lenzites trabea (Pers. ex 
Fries) Fries, another of the common species of build- 
ing decay fungi, to be tolerant of pentachlorophenol 


1 Accepted for public ation, Septe mber 26, 1952. 

2 Research Associate, Department of Forest Botany and 
Pathology. State University of New York. College of Forest 
ry, Syracuse, New York. 

The writer expresses his appreciation to Dr. Josiah L. 
Lowe and Dr. Felix J. Czabator for assistance in identifi 
cation of the fungi. 


From 1947 to 1951 a comprehensive survey was con- 
ducted in New York State to determine: the extent and 
underlying causes of wood decay in buildings (13): 
the construction methods leading to this defect; and 
the fungi commonly associated with the decay. 

SURVEY METHODS. Five hundred collections of de- 
cayed wood and sporophores were made from approxi- 
mately 1500 buildings of various kinds in widely sepa- 
rated areas of New York State*, during the spring. 
summer and fall of 1947 to 195]. 

About 50 per cent of the total collections were ob- 
tained from urban and farm domiciles: the remaining 
50 per cent were obtained from such structures as 
farm buildings other than houses. greenhouses, cold 
storage plants, icehouses. dairies and warehouses. Col- 
lections were obtained from buildings being remodeled 
or undergoing repair due primarily to decay damage. 
and from abandoned buildings. Decay data and fun- 
gous collections were obtained frecuently from repair 
work brought to the attention of the writer by build- 
ing contractors, lumber yard operators, and carpen- 
ters. 

IDENTIFICATION OF FUNGI.—The fungi were identi- 
fied in most cases from sporophores associated with 
the decay. However, decay without sporophores was 
common, making it necessary to isolate the fungi from 
decayed wood and identify them by means of cultural 
characteristics. About 100 collections of decayed wood 
lacked fruit bodies of the causal fungus. When cul- 


3 The area including New York City proper and _ its 
suburbs and Long Island Sound was not included in the 
survey. 
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TasLe 1.—Fungi associated with decay of wood in buildings in New York State 


Total 
Percent 

Fungi Freq. 

HYDNACEAE 19.0 
Odontia spathulata (Fries) Litsch. 12.8 
Grandinia farinacea (Fries) Bourd. & Galzin 3.0 
Odontia crustosa (Fries) Quel. 1.2 
Steccherinum ochraceum (Fries) S. F. Gray 1.0 
Miscellaneous sp.* 1.0 
POLYPORACEAE 55.6 

Lenzites saepiaria (Wulf. ex Fries) Fries 12. 
Fomes roseus (Alb. & Schw. ex Fries) Cooke 7.6 
Poria xantha (Fries) Cooke 6.2 
Lenzites trabea (Pers. ex Fries) Fries 1.6 
Poria ferruginosa (Schrad. ex Fries) Karst. 2.4 
Poria vaillantii (DC. ex Fries) Cooke 2.4 
Poria sinuascens Pilat 1.8 
Poria versipora (Pers.) Rom. 1.8 
Poria subacida (Peck) Sace. 1.6 
Poria crassa (Karst.) Sacc. 1.6 
Poria crustulina Bres. 1.4 
Trametes mollis (Sommerf.) Fries 1.4 
Poria taxicola (Pers.) Bres. 1.2 
Poria sinuosa (Fries) Cooke 1.2 
Polyporus zonatus Fries 1.2 
Poria ambigua Bres. 1.2 
Miscellaneous sp." 5.6 


THELEPHORACEAE 21.6 


Peniophora pubera (Fries) Sace. 2.6 
Corticium scutellare Berk. & Curt. y 
Coniophora cerebella Pers. 2.0 
Undetermined sp. 14.8 
AGARICACEAE 3.8 
Schizophyllum commune Fries 2.0 
Pholiota aeruginosa Peck 1.8 
Total 100.0 


: Includes species for which only l collec tion was found. 


tural identification was necessary, isolations were made 
on a 2 per cent malt-agar substratum. Keys on the 
cultural identification of fungi by Davidson et al. (4) 
and Nobles (11) were used to identify the fungi. The 
fungi isolated and identified by cultural characteristics 
were the same species as those identified from sporo- 
phore collections. Those isolated most frequently from 
decayed wood were Lenzites saepiaria, Poria xantha, 
and Lenzites trabea. Frequently it was impossible to 
obtain pure cultures of a fungus from decayed wood 
because of excessive mold or bacterial growth, or be- 
cause the fungus had become inactive, especially in 
advanced stages of the brown rots. 

RESULTS OF SURVEYS.—The species of fungi collected 
during this study are listed by families in decreasing 
order of occurrence in Table 1. The 2 species found 
most frequently were: Odontia spathulata (Fries) 
Litsch. (Fig. 1), one of the resupinate Hydnaceae, and 
Lenzites saepiaria of the Polyporaceae. They were 
about equally prevalent and composed 25 per cent 
of the total specimens. Other species of primary im- 
portance were Fomes roseus, Poria xantha and Lenzites 
trabea. 


Percent frequency of decay fungi according to type of structure 


Cold 
Urban Other storage 
andfarm farm Green- Plants & Ware- 
domiciles buildings houses Icehouses Dairies houses 
6.8 3.4 1.0 0.4 0.6 0.6 
2.4 0.6 
0.8 0.4 
1.0 
0.6 0.4 
1.8 3.2 3.0 0.6 0.4 0.4 
4.8 0.8 0.6 0.6 0.8 
2.6 0.8 1.4 0.4 0.4 0.6 
1.6 1.6 0.6 0.4 0.4 
1.8 0.6 
1.0 1.0 0.4 
0.8 1.0 
0.6 0.6 0.6 
0.8 0.8 
0.6 1.0 
1.4 
1.4 
i 
1.2 
1.2 
Be 
2.0 2.8 0.4 0.4 
1.6 1.0 
6 0.6 
1.0 1.0 
6.8 3.8 1.0 1.2 1.2 0.8 
1.0 1.0 
0.8 1.0 
16.8 30.0 R49 7.0 1.2 1.0 


The resupinate Hydnaceae have been considered of 
minor importance in causing decay of wood in service; 
however, they comprised 19 per cent of the collections, 
consisting primarily of species of Odontia. A study 
of the taxonomy of the resupinate Hydnaceae and their 
relative importance in the decay of wood in New York 
was made by Czabator (3) in 1950. 

The Thelephoraceae also were associated frequently 
with building decay. Twenty-one per cent of all the 
collections belonged to this group. The importance 
of the Thelephoraceae in the decay of building timbers 
is demonstrated in Table 1. While only 3 species are 
listed, constituting approximately 7 per cent of the 
total collection, an additional 14.8 per cent include 
undetermined species of Peniophora, Coniophora, and 
Corticium. There is need for a thorough taxonomic 
and decay study of this group of wood-rotting fungi. 

Together the Hydnaceae and Thelephoraceae com- 
prised approximately 40 per cent of all the decay fungi 
collected, which was unexpected since the Polyporaceae 
have been generally credited with causing most of the 
decay in wooden buildings. 

Among the fungi found less commonly but frequent- 
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Fic. 1.—-Portion of fruiting surface of Odontia spathulata 
from decayed roof timber of a house. The flattened con 
fluent teeth, fimbriate or divided at the apices, are charac 
teristic features of this fungus (9) 


important 
Bourd. & 
Galzin of the Peniophora 
pubera (Fries) Berk. & 
Curt.. and Coniophora cerebella of the Thelephoraceae: 
Karst. and Poria 

Schizophyllum 


ly enough to be considered among the 


species were Grandinia farinacea (Fries) 
Hydnaceae: 


scutellare 


resupinate 
Sacc.. Corticium 
Poria ferruginosa (Schrad. ex Fries 
vaillantii of the Polyporaceae; and 
commune Fries of the Agaricaceas 
Merulius lacrymans, the dry-rot or teat 


of the most destructive building decay fungi in Europe. 


fungus, one 


is rare in this country. However. 1 collection was 
found in northern New York during this investigation. 

The rot produced by the common spec ies of build 
ing decay fungi is a brown cubical type with the ex- 
ception of a white stringy rot associated with O. spa- 


thulata. 


SUMMARY 


Twenty-five species of fungi. and several unidenti- 
fied species of Thelephoraceae 
with decay of wood in buildings in New York State. 

Odontia spathulata and Lenzites 


found most frequently and comprised approximately 


were found associated 


saeplaria were 
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25 per cent of the collections. Other species of pri- 
mary importance were Fomes roseus, Poria xantha, 
and Lenzites trabea. 

Other important species were Grandinia farinacea, 
Peniophora pubera, Corticium scutellare, Schizophyl- 
lum commune, Poria ferruginosa, Coniophora cerebella 
and Poria vaillantii. 
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PARTIAL PURIFICATION AND PROPERTIES OF THE ANTIFUNGAL 
ANTIBIOTIC, TOXIMYCIN ! 


G. J. Stessel. Curt Leben. and G. W. Keitt 


A series of papers from this laboratory has reported 
studies on antibiotics in relation to plant disease prob- 
lems (4, 5, 6, 7, 8. 9, 10, 14). Two new antifungal 
antibiotics, antimycin and helixin, have been reported; 
the present paper deals with a third, which has been 
Work on the pro- 


duction, assay, purification, and properties of this ma- 


tentatively designated toximycin. 
terial is reported. A brief account of some of the work 
has already appeared (13). 

Toximycin is produced by Bacillus subtilis Cohn 
A detailed 


description of this organism is given elsewhere (12). 


emend. Prazmowski, our culture No. A67. 


An earlier study indicated that the antibiotic produced 
by B. subtilis A67 inhibited all of the 8 phytopatho- 
genic fungi and 2 phytopathogenic bacteria tested, and 
that the antibiotic was comparatively stable and could 
be produced in liquid media (14). 

PRODUCTION AND ASSAY.—TIn previous studies it was 
found that an antibiotic was produced by B. subtilis 
A67 when the organism was grown in several liquid 
media (14). One of these. medium B, was used in 
the present studies. Four hundred ml. amounts of 
the medium and a pellet of DC Antifoam A (Dow 
Corning Corp., Midland, Michigan) 0.5 cm. in diameter 
) 


were added to 2 1.Erlenmeyer flasks. which were 


autoclaved 4% hour at 15 psi. Inoculum for each flask 
consisted of 20 ml. of a water suspension of cells of 
the antibiotic organism prepared from yeast extract- 
glucose agar- slants that had been kept at 28° C. for 
18 hours. Flasks were incubated at 26° on a reciprocal 
shaker making 66 cycles per minute with a 15 em. 
stroke. A maximum antibiotic concentration of 2 to 
3 units (a unit is defined below) per ml. of culture 
centrifugate was obtained in 4 days, and the pH 
change during this time was usually from 7.0-7.2 to 


8.5-8.8. 


\ cylinder plate diffusion assay was used for the 
estimation of toximycin. Ten ml. lots of assay agar 
(per 1.: peptone, 5 gm.; agar, 17 gm.) were added to 
Petri plates. Three or 4 “nenicylinders” were placed 
equidistant on the hardened agar and 5 ml. of assay 
agar seeded with Glomerella cingulata (Stonem.) 
Spauld. and v. Schrenk was added to each plate. The 
method of making the seed layer has been indicated 
elsewhere (1). To evaluate the potency of a given 

1 Accepted for publication September 26, 1952. 

Supported in part by the Research Committee of the 
Graduate School with funds supplied by the Wisconsin 
Alumni Research Foundation. Published with the ap- 
proval of the Director of the Wisconsin Agricultural Ex- 
periment Station. 
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who performed the analytical color tests. 

“Per 1.: Bacto yeast extract, 2 
agar, 17 gm. 


rm.; glucose, 10 gm.; 


< 
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ZS 


preparation, 9 cylinders on 3 assay plates were used. 
After an incubation period of 36 to 40 hours at 26 

the average inhibition zone size was determined. The 
potency of a given preparation, expressed in “units.” 
was calculated by reference to a dosage-response curve 
drawn on the basis of the inhibition zones produced 
by a standard preparation that was tested at different 
concentrations each time an assay was made. A partly 
purified ‘preparation made according to the procedure 
indicated in Table 1 was used as a standard. This 
material, which appeared to have retained all of its 
potency over a 6 month period, was arbitrarily assigned 
a potency of 8 units per mg. and was tested at 1, 2, 4. 
and 8 units per ml. in 0.05M potassium phosphate 
buffer at pH 6.8. Each concentration of the standard 
was tested in 1 penicylinder in each of 3 plates. One 
unit of activity usually produced inhibition zones 21- 


22 mm. in diameter. 


Zone diameter of the standard was found to be a 
straight line function of the log of the antibiotic con- 
centration, and dosage-response curves of culture cen- 
trifugates when diluted with water or with potassium 
phosphate buffer*, and of partly purified fractions that 
were diluted in the same manner, usually were straight 
lines parallel to the standard. Inhibition zones were 
free from growth of the assay organism in the central 
area; toward the circumference of the zone, however. 
there was a limited area of sparse growth, usually 1 
Measurements included this incompletely 
inhibited area. 


mm. wide. 


FRACTIONATION AND PROPERTIES.—Early studies on 
the fractionation of the antibiotic material in the B. 
subtilis A67 culture centrifugates showed that all or 
nearly all of the antibiotic was extractable with n- 
butanol. In later studies it was found more convenient 
to recover the active material from the precipitate that 
formed when the culture centrifugate was acidified. 
This method was used to obtain “partly purified toxi- 
mycin” preparations used in the remainder of the 
work; an example fractionation is given in Table 1. 
Yields of 121 to 249 mg. per 1., containing 4-8 units 
per mg., were obtained. The final products represented 
a 34- to 65-fold purification and a recovery of approxi- 
mately 1% the original activity. 

Solubility, stability, and other tests were made with 
a toximycin preparation (prepared as in Table 1) 
containing 4 units per mg. To test solubility, 16 mg. 
quantities of the preparation were added to 2 ml. of 
various organic solvents, and 4 mg. quantities were 
added to 2 ml. amounts of water and adjusted to 8 pH 
levels. If undissolved material was present after 2 

3 Throughout the remainder of the paper, except in the 


section dealing with the tobacco necrosis virus, the term 
“buffer” refers to 0.05M potassium phosphate at pH 6.8. 
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‘TABLE 1.—-Procedure used for obtaining partly purified toximycin 


Total Units 
Fraction Volume activity per mg. 
Step Treatment tested or wt. in units dry wt. 
l. Eleven lL. Ox pooled cultures made to pH 
9 and centrifuged’. Residue discarded. Centrifugate 10 1. 20,000 0.12 
2. pH of centrifugate changed to 2.5 (HCI). 
Suspension filtered with aid of Celite 503. 
3. Residue extracted successively with 2 1-l. 
and 1 0.5-l. amounts of ethanol. Residue 
discarded. 
4. Ethanol extract taken to 500 under re 
duced pressure, Two 1. of diethyl ether 
added. Precipitate recovered by decanting 
and centrifuging. Supernatant < 100 
5. Precipitate dried over P.O;. “Partly purified 
toximycin.” Precipitate 217 gm. 9,736 8.0 


oa 


*It was found that centrifugation (Sharples Super Centrifuge, about 50,000 x g.) was more satisfactory if the cultures 


were first made to pH 9.0. 


hours, the preparation was filtered through a fine filtet 
paper, and the residue dissolved in the buffer and as- 
sayed. The aqueous filtrates were adjusted to pH 7, 
made to 4 ml., and assayed. On the basis of assays. 
the antibiotic was indicated to be soluble in water at 
pH 6 to 10, 80 per cent ethanol, 50 per cent acetone; 
less soluble in water at pH 5 to 6, absolute ethanol. 
and glacial acetic acid; slightly or slowly soluble in 
dioxan, n-butanol, and isopropanol; and insoluble in 
acetone, ether. chloroform, benzene, and methyl, ethyl. 
and amyl acetates, and in water more acidic than pH 
5. When the partly purified material was added to 
distilled water, the resulting suspension had a pH 
value of 4.6; the suspended particles could be brought 
into solution by adjusting the pH to 7. 

Stability at 100° was tested at pH 2, 7. and 10 in 
aqueous preparations and in the buffer; after 30 min- 
utes at 100° the approximate activity remaining in the 
solutions was found to be, respectively. 50, 46, 0, and 
88 per cent of the original. When the antibiotic in 
the buffer solution was autoclaved for 15 minutes at 
10 psi, no loss in activity could be detected. 

f the partly purified material 


Aqueous suspensions « 
gave positive Millon, xanthoproteic, biuret. and nin- 
hydrin tests, indicating that material of a polypeptid 
or protein nature was present. The Fehling’s test was 
negative. As determined by assay. the antibiotic was 
slightly or slowly dialyzable. and was not inactivated 
by pepsin or trypsin. 

BIOLOGICAL sTuDIES.—Studies on the biological prop- 
erties of partly purified toximycin were of 4 types: 
agar-streak tests, tobacco necrosis virus inhibition tests, 
early blight protectant tests, and tests for phytotoxicity. 
A partly purified toximycin preparation containing 4 
units per mg. was used in all these experiments, ex- 
cept in the agar-streak tests, where a preparation con- 
taining 8 units per mg. was used 

Agar-streak tests—The effect of toximycin on a 
number of microorganisms was examined by means of 
agar-streak tests in 2 trials. In these tests various 
concentrations of the partly purified material in the 


buffer were autoclaved for 15 minutes at 10 psi and 
mixed in warm agar media, which were allowed to 
harden. Media containing the antibiotic, as well as 
suitable control media, were then streaked with spore 
or cell suspensions of test organisms. The addition 
of the antibiotic did not change the pH of the media. 
After suitable incubation periods the inhibition point 
for each organism was noted. Suspensions for seeding 
fungi, except Streptomyces scabies (Thaxt.) Waks. 
and Henrici, Mycobacterium avium Chester, and M. 
phlei Lehmann and Neumann, were prepared from 
cultures that were grown on potato-glucose agar? at 
24° for 7 to 14 days. Those for M. avium were pre- 
pared from cultures that were grown on potato-glucose 
agar at 36° for 7 days. Cultures for making suspen- 
sions of M. phlei, S. scabies, and of all bacteria, except 
the Corynebacterium species, were prepared from nu- 
trient agar® cultures that had grown at 24° or 36° for 
24 to 72 hours. Suspensions of the Corynebacterium 
species were prepared from meat infusion agar® cul- 
tures that had grown at 36° for 48 hours. 

Data obtained in the agar-streak tests. the media 
used, and conditions of incubation for the test organ- 
isms that were inhibited are in Table 2. Most of the 
fungi were inhibited completely by concentrations of 
25 ug. per ml. or less, whereas most of the bacteria 
were not inhibited by 100 ug. per ml. The names of 
organisms that were not inhibited in either test by 
100 ug. per ml. follow: Agrobacterium tumefaciens 
(Smith and Towns.) Conn, Erwinia amylovora ( Burr.) 
Winslow et al., Escherichia coli (Migula) Castellani 
and Chalmers, M. avium, M. phlei, Pseudomonas 
aeruginosa (Schroeter) Migula, Pythium debaryanum 
Hesse. P. ultimum Trow, Xanthomonas  phaseoli 


4 Per 1.: extract from 200 gm. of sliced, peeled potatoes 
steamed 14 hour in 500 ml. of distilled water; glucose, 25 
gm.; agar, 17 gm. 

> Per 1.: Peptone, 10 gm.; beef extract, 3 gm.; glucose. 
10 gm.; agar, 20 gm. 

6 Meat infusion broth (2) with 17 gm. of agar per 1. 


added. 
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Taste 2.—Inhibition of various microorganisms by partly purified toximycin. Agar-streak tests 


Microorganism 


Alternaria solani (E. and M.) Jones and Grout 
Bacilius cereus var. mycoides (Fliigge) Bergey et al. 
Botrytis allii Munn 

Chalara quercina Henry 

Colletotrichum circinans (Berk.) Vogl. 

C. phomoides (Sacc.) Chester 

Corynebacterium sp.° 

Fusarium oxysporum f, lycopersici (Sace.) S. and H. 
F. oxysporum f. pist (Linford) S. and H. 

Gliocladium fimbriatum Gilman and Abbott 
Glomerella cingulata (Stonem.) Spauld. and v. Schrenk 
Helminthosporium sativum Pam., King, and Bakke 
H. victoriae M. and M. 

Vicrococcus pyogenes var. aureus (Rosenbach) Zopf 
Nigrospora sphaerica (Sacc.) Mason 

Penicil’ium notatum Westling 

Pellicularia filamentosa (Pat.) Rogers 
Saccharomyces cerevisiae Meyen 

Sclerotinia fructicola (Wint.) Rehm 

Stemphylium s7rcinaeforme (Cav.) Wilts. 
Strertomyces scabies (Thaxt.) Waks. and Henrici 
Trichophyton mentagrophytes (Robin) Blanchard 
Venturia inaequalis (Cke.) Wint. 

Verticillium albo-atrum Reinke and Berth. 
Yanthomonas camonestris ( Pammel) Dowson 





Incubation Inhibition 
Medium* Time Temp. point” 
hrs. "<. ug. per ml. 

PA 96 24 25 
NA 18 36 25, 50 
PA 96 24 25 
PA 96 24 95 
PA 96 24 12:5, 25 
PA 96 24 12.5, 25 
. MI 18 36 250 
PA 96 24 50, 100 
PA 96 24 50 
PA 96 24 25 
PA 96 24 12.5, 25 
PA 96 24 25 
PA 96 24 2, 30 
NA 18 36 50, 100 
PA 96 24 6.25 
PA 96 24 25 
PA 72 24 25, 50 
PA 96 24 50 
PA 96 24 25 
PA 96 24 25, 50 
NA 18 36 > 100, 100 
PA 96 24 25 
PA 192 24 6.25 
PA 96 24 25, 50 
NA 18 24 25, 50 


‘NA: Nutrient agar (footnote 5): pH 6.2-6.4. PA: Potato agar, prepared as follows: per 1.: extract from 40 gm. ot 


sliced, peeled potatoes steamed % hour in 500 ml. water; glucose, 5 gm.; 


(footnote 6): pH 7.0. 


"The smallest amount (dry weight) that completely inhibited macroscopic growth. 


inhibition points differed in the 2 tests. 


*Diphtheroid culture; does net produce diphtheria toxin. 


(Smith) Dowson, and X. translucens f. sp. cerealis 
Hagborg. 

Tobacco necrosis virus inhibition tests —The ability 
of toximycin to inhibit the growth of certain bacteria 
and fungi suggested the advisability of testing the 
effect of this material in vitro on plant viruses, and 
the tobacco necrosis virus was chosen for these studies. 
A suspension of ground, dehydrated leaves of Nicotiana 
tabacum L. infected with the virus, strain “RR’?, was 
prepared in 0.1 M sodium phosphate buffer at pH 7, 
using approximately 0.4 mg. of ground leaves per ml. 
Equal parts of the suspension and of solutions of a 
toximycin preparation in the same buffer were mixed 
and allowed to stand at 22-24° for about 1 hour. Suit- 
able control solutions containing the antibiotic or the 
virus suspension were also made. The primary leaves 
of cowpea plants grown in the greenhouse were inocu- 
lated after the manner of Leben and Fulton (5), and 
after an incubation period of 3-6 days the number of 
lesions was counted. There were 3 tests. each using 4 
concentrations of the antibiotic preparation, and at 
each concentration 6 leaves were inoculated. 

In all 3 tests the antibiotic preparation inhibited 
lesion production. At 2 mg. per ml. a total of 28 le- 
sions was found on the test leaf halves as compared 
with 296 lesions on the control leaf halves. At 1 mg. 


7 We wish to thank Dr. R. W. Fulton for this material. 


agar, 17 gm.: pH 5.9. MI: Meat infusion agar 


Two figures are given where the 


per ml. the numbers were 24 and 354. At 0.5 or 0.25 
mg. per ml. the degree of inhibition was not so marked. 

Early blight protectant tests—Partly purified toxi- 
mycin was tested as a protectant fungicide in the 
greenhouse against the early blight disease on tomato 
(Lycopersicon esculentum Mill.) foliage, incited by 
{/ternaria solani. 

In general, the methods of Leben and Keitt (7) were 
used. Test sprays contained different quantities of the 
antibiotic in distilled water; these preparations were 
adjusted to pH 7 with NaOH. Four plants were used 
for each concentration of the antibiotic and for the 
control spray in each of 3 trials. Plants were 15-20 
cm. high. Lesion counts were made on the third, 
fourth, and fifth leaves above the cotyledons, and an 
average count for each treatment was determined. The 
average ED (effective dose) 50 and ED 95 for the 3 
tests were found to be 44 (range: 23 to 68) and 300 
(range: 195 to 480) ug. per ml., respectively. 

Tests for phytotoxicity.—In these tests toximycin solu- 
tions were applied to the foliage of various plants and 
were used in tests with tomato cuttings. A brief ac- 
count of these experiments follows. In the foliage 
tests, of which 2 were made, the antibiotic at pH 7 was 
sprayed on the leaves of young tomato, tobacco, bean 
(Phaseolus vulgaris L.), cowpea (Vigna sinensis (L.) 
Endl.), and cucumber (Cucumis sativus L.) plants. 
The antibiotic concentrations used were 0.5 and 1.0 
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mg. per ml. No injury to the plants was observed up to be produced by B. subtilis or synonymous species. 


to 14 days, when the experiment was concluded. 


The effect of a toximycin preparation was further 


studied by immersing stems of tomato cuttins ap 
proximately 25 em. long. in different concentrations of 
the antibiotic at pH 7 for 2 days Two tests were 
made, and in each, 2 cuttings were used at each of 6 
concentrations of antibiotic in 10 ml.: the concentra- 
tions were from 0.25 to 8 units per ml. Water was 
used as a control. At the end of 2 days the volume of 
solution taken up by cuttings noted. and cuttings 
transferred to tubes of wate Antibio‘ic solutions not 
taken up were made to 10 ml d assayed. A loss in 
antibiotic activity was considered to | the result of 
uptake by cuttings. because no activity was lost in 


antibiotic solutions that did not contain cuttings. In 


both tests. 2.5 units per cutting was taken up without 


apparent injury, but when greater amounts were taken 
up, wilting occurred. Cuttings in the most concen- 
trated solution took up an average of 58.5 and 70 units 
per cutting in the 2 tests, which represented 72 and 88 
per cent of the antibiotic available. Wilted cuttings 
recovered completely within 5 days after transfer to 
distilled water. There was a decrease in water uptake 
and a marked stimulation in number and length of 
rootlets that formed on stems of uttings that had been 
in the antibiotic solutions and had been transferred 
to water. 

Discussion.—A partly purified antibiotic that in 
hibited the growth of a number of fungi and some 
bacteria is described. This material appeared to have 
considerable potency when tested in vitro against fungi 
and as a protectant fungicide in the greenhouse. and 
it also inhibited a plant virus 7) ro, as have certain 
other substances obtained fr oorganisms (e.g 
S35): 

The name toximycin was proposed (13) for the anti- 
biotic material described in this paper after a survey of 
the properties of 22 antibiotics that have been reported 
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Like toximycin, most of these materials are classed as 
polypeptides. However, they differ from toximycin in 
one or more physical, chemical, or biological proper- 
ties. It is our feeling that the name toximycin must be 
provisional, however, since in the study of the B. sub- 
tilis antibiotics, different testing procedures and _ vari- 
ous organisms or lines of a given organism have been 
used in inhibition experiments. Also, properties of 
some materials have not yet been reported in full. The 
name toximycin was suggested by the marked inhibi- 
tory effect of the antibiotic on a number of fungi. 


SUMMARY 


An antibiotic. tentatively designated toximycin, was 
partly purified by fractionation of shaken cultures of a 
Bacillus subtilis isolate obtained by the writers from 
soil. The Glomerella cingulata agar diffusion assay 
was used to estimate activity. A recovery of about ™% 
of the active material with a 34- to 65-fold purification 
was obtained. 

Properties of the antibiotic in the partly purified 
form are reported. Polypeptide tests were positive. 
[wenty fungi and 3 bacteria were completely inhibited 
at concentrations from 6.25 to 100 ug. per ml. in agar- 
streak tests, and in in vitro tests the tobacco necrosis 
virus was inhibited. In protectant fungicide studies in 
the greenhouse with Alternaria solani on tomato foli- 
age. the ED 50 and ED 95 were found to be 44 and 
200 wg. per ml., respectively. Tomato cuttings in solu- 
tions of the antibiotic took up a maximum of 58.5 to 70 
units per cutting; an uptake greater than 2.5 units re- 
sulted in wilting. Wilted cuttings recovered on trans- 
fers to water, but subsequent water uptake was re- 
duced. The partly purified material was nontoxic to 5 
species of plants when applied as a spray. 
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FACTORS AFFECTING PLAQUE FORMATION BY XANTHOMONAS PRUNI 
BACTERIOPHAGE ! 


J. D. Mandell * and A. Eisenstark * 


At least 5 distinct types of Xanthomonas pruni bac- 
teriophage have been differentiated on the basis of 
plaque morphology (7). In addition, different host 
strains may display different plaque types when at- 
tacked by the same variety of phage. Since the ob- 
servation of lysis on the surface of an agar plate is a 
key in the analysis of phage-host actions, it was desir- 
able to determine the factors that cause variation in 
plaque merphology. 

METHODS AND MATERIALS.—The bacterial host was 
an American Type Culture No. 10016 and was routine- 
ly grown in standard peptone-beef extract medium to 
which 0.5 per cent sodium chloride was added, for rea- 
sons described below. All plating for plaque produc- 
tion was done by a 2-layer method in which 4.5 ml. 
of broth containing virus and bacteria were mixed 
with 1.5 ml. of melted 2 per cent nutrient agar and 
poured over a layer of solid nutrient medium. Plates 
were incubated at 27° C. for 1-2 days unless other- 
wise stated. 

Resu_ts.—To determine the effect of age of the 
plating bacterial culture on plaque size, a broth cul- 
ture was inoculated from a stock slant; samples taken 
over a period of 22 hours were plated with an appro- 
priate dilution of phage stocks. After plates had incu- 
bated for 3 days. 100 plaques from each age sample 
were measured optically with a stage micrometer to 
determine the mean diameter. Figure 1 shows the 
decrease in plaque size with older samples of host 
culture. 

Plates were prepared with different concentrations 
of agar to observe the effect on plaque morphology. 
Concentrations of 0.5, 1.0. 1.25, 1.5 and 2.0 per cent 
were used in the agar surface layer. It was found that 
increased agar concentration decrezsed the size and 
distinctness of plaques. but the effect was not so pro- 
nounced as the other factors described. 

The effect of increased sodium chloride concentra- 
tion in the plating medium—top and bottom layers 
having the same concentrations—was the increase of 
plaque size to a maximum at the highest concentration 
of sodium chloride in which the host would grow. The 
increased sodium chloride concentration also increased 
the halo size, thus radically changing the appearance 
of the plaque. Figures 2A and 2B illustrate the dif- 
ference in size and appearance of plaques produced 
on 0.5 and 3.0 per cent sodium chloride. respectively. 

When different amounts of the same turbid host cul- 
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Fic. 1. Graph of relation of plaque size to age of host 
culture. 


ture were plated, the size of plaques was inversely pro- 
portional to the amount of host cells plated, as may be 
noted from figures 2C and 2D. This may explain the 
results shown in figure 1; the differences in plaques 
may be due to differences in numbers of host cells, 
rather than differences in age of culture. 

Higher incubation temperature was found to decrease 
plaque size, as illustrated in Figures 2E and 2F. Tem- 
perature increases above 25° C. resulted in smaller 
plaques; at 30° C. plaques were minute and irregular; 
above 33° C. plaque formation was not observed, even 
though the host grew well at this temperature. 

Discussion.—The size of plaques was observed to 
decrease with increased inoculum or upon use of an 
older bacterial culture. an older culture probably being 
in effect merely an increased inoculum. This phenome- 
non of decreased plaque size with increased number 
of plating bacteria is well known and appears to be 
true for several phages (2, 6). 

Increased plaque size with increased salt concentra- 
tion has been demonstrated by Hershey, et al (4), who 
showed that salt was necessary before adsorption of 
virus to host cell would take place. While this may 
also be the case for pruniphage, another pertinent fact 
should be mentioned. X. pruni cells take up oxygen 
at a slower rate in 3.0 per cent sodium chloride than 
in 0.5 per cent and produce more cells in the lower 
salt concentration in a given length of time*. If this 
high salt concentration slowed the growth of the bac- 
teria more than it affected the rate of replication of the 
virus, larger plaques should be expected, based upon 
the results in Figure 1. On the contrary, smaller 


* Goucher, C. R., J. D. Mandell, and A. Eisenstark. Un- 
published data. 
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Fic. 2. Photographs of phage plaques on petri plates. A) 0.5 per cent sodium chloride in medium. B) 3.0 per cent 


sodium chloride in medium. Considerably larger plaques are produced with the higher salt concestration. C) 0.5 ml. 
of turbid host suspension. D) 0 nl. of turbid host suspension. The more dilute suspension results in larger plaques 
with more distinct halo formatior E) Plates incubated at 30° C. F) Plates incubated at 25° C. Plaques are much 
larger at the lower temperat 

Photographs in Figure 2 wer pared by placing petri dishes directly into the photographic enlarger and using the 
plates as negatives. The plaq re then projected on sensitive paper. This method was particularly useful as a 
routine for recording plaat experiments The method is speedy, and no camera is needed. 
plaques actually result tification of plant pathogens, methods which have been 

Observations on the effect of temperature on plaques valuable in the identification of Salmonella, Micrococci, 
produced by pruniphage agree with those of other Shigella and other bacteria. Such methods for the 
workers (1, 6). The reason for the diminished size identification or typing of X. pruni strains would yield 
of plaques with increased temperature and lack of unreliable results unless care were taken to add salt 
plaque formation above 33° C. is obscure, since it is to the medium and to incubate plates at a proper tem- 
well below the inactivation temperature of pruniphage — perature, several degrees below the maximum tempera- 
(3). and the host organism grows well at this tem ture for the growth of the host, X. pruni. 
perature. A possible explanation may lie in the in 
creased growth rate of the host at higher temperatures 

SUMMARY 

since plaque formation has been reported to be a 
function of division of the uninfected cells (1) Plaques produced by X. pruni bacteriophage de- 

The above information is useful for additional rea- crease in size with increased concentration of plating 
sons. For example, recent studi: 5.8) have promised _ bacteria, increase in size in the presence of sodium 


the development of phage typing methods for the iden- chloride in the plating medium in the highest concen- 
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tration permitting growth of the host, and decrease 
in size with incubation temperatures above 27° C. 
Plaque formation was not observed above 33° C., al- 
though this temperature is well below the inactivation 
temperature of the pruniphage and well below the 
temperature at which the host will grow. This infor- 
mation is useful in the analysis of pruniphage-host 


action and is necessary for the development of an 
adequate phage-typing method for the identification 
of plant pathogenic bacteria. 


RESEARCH FOUNDATION, 
OKLAHOMA A. AND M. COLLEGE, 
STILLWATER, OKLAHOMA 


LITERATURE CITED 


1. Anperson, T. F. 1948. The influence of temperature 
and nutrients on plaque formation by bacteriophages 
active on E. coli strain B. Jour. Bact., 55: 659-665. 

2. Cuerry, W. B. ano D. W. Watson. 1949. The Strep- 
tococcus lactis host-virus system. I. Factors influen- 
cing quantitative measurement of the virus. Jour. 
Bact., 58: 601-610. 

3. Crownover, Rutu, J. D. MANDELL AaNnp A. EISENSTARK. 
1950. Studies of a bacterial virus active against 
Xanthomonas pruni. Proc. Okla. Acad. Sci., 31: 
10-42. 

4. Hersuey, A. D. Ano J. BRONFENBRENNER. 1945. Trans- 
missible variation of plaque-type in bacteriophage. 
Jour. Bact., 49: 107. 

5. Katznecson, H. ann M. D. Sutton. 1951. A_ rapid 


phage plaque count method for the detection of 
bacteria as applied to the demonstration of internal- 
ly borne bacterial infections of seed. Jour. Bact., 
61: 689-701. 

6. Kieczkowska, J. 1945. A quantitative study of the 
interaction of bacteriophage with Rhizobium, using 
the technique of poured plates. Jour. Bact., 50: 


81-94, 
7. Manpett, J. D. ann A. Ersenstark. 1952. Bacterial 
viruses active against Xanthomonas pruni. Differ- 


entiation of genetic types. Monthly Research Rept., 
Office Naval Research, April issue, 1-4. 

TuHornperry, H. H., A. C. Braun, ano R. P. Exrop. 
1949. Application of the bacteriophage-lysis tech- 
nique for the identification of plant pathogenic bac- 
teria. Phytopathology, 39: 152-154. 


~~ 
eo 


ACQUISITION THRESHOLD PERIOD OF WESTERN CELERY MOSAIC VIRUS 
FOR FOUR SPECIES OF APHIDS ! 


John N. Simons * and Edward S. Sylvester * 


Watson and Roberts (22) listed as one criterion of 
the nonpersistent group of aphid-borne viruses their 
capacity to be acquired by their vectors in short feed- 
ing times (less than 2 minutes). Several viruses of 
this group have had this short acquisition threshold 
period demonstrated. These include nasturtium mosaic 
(5), beet mosaic (17, 19), Brassica nigra virus (18). 
and alfalfa mosaic (14). Although the western celery 
mosaic virus had been shown by Severin and Freitag 
(11) to be readily juice inoculable and to be retained 
for less than 24 hours in its aphid vectors—facts which 
definitely indicated that this virus was another of the 
nonpersistent type—it was felt desirable to determine 
tne acquisition threshold period in order to character- 
ize it more accurately as belonging to this group. 

DEFINITION OF TERMS.—During the last decade a 
number of terms defining various vector-virus rela- 
tionships have been proposed; several are synonymous. 
Since only one term is necessary to designate any par- 
ticular vector-virus relationship, the authors propose 
the use of the following terms. 

Acquisition threshold period.—Sylvester (16) used 
the term “acquisition threshold” to denote the mini- 
mum time necessary for a vector to feed upon a virus 


1 Accepted for publication October 1, 1952. 

“Research Assistant, Department of Entomology and 
Parasitology, | niversity of California, Berkeley, and Assis- 
tant Professor of Entomology and Assistant Entomologist in 
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respectively, 


source in order to obtain an infective charge. Prentice 
and Woollecombe (10) correctly pointed out that the 
word “threshold” does not usually imply duration and 
proposed the addition of the word “period.” 

{cquisition feeding or acquisition feeding period. 
Several terms are found in the current literature which 
refer to the time a noninfective vector feeds upon a 
virus source. These include “infection feeding (peri- 
od)” (2, 3, 7, 9, 10, 12, 13, 15, 16, 21), “infective 
feeding” (6), “acquisition feed” (8), and “acquisition 
feeding (period)” (1, 4,5). Of these the authors sug- 
gest that “acquisition feeding (period)” is the most 
self-explanatory. 

Test feeding or test feeding period.—Among the terms 
used to designate the time during which a vector is 
fed upon a healthy test plant are “test feeding (peri- 
od)” (4, 7, 13, 16), “inoculation feeding (period)” (1, 
3), and “transfer feed” (8,10). Of these “test feeding 
(period)” seems to be the most common in usage and 
the authors propose to continue its usage. 

MATERIALS AND METHODS—The western celery 
mosaic virus was obtained from infected greenhouse 
celery. Four species of aphids were used in the tests: 
the green peach aphid, Myzus persicae (Sulz.); the 
foxglove aphid, M. solani (Kalt.) ; the crescent marked 
lily aphid, M. circumflexus (Buckt.); and the celery 
aphid, Aphis apii Theob. Noninfectives of the green 
peach aphid were reared on smooth-leafed mustard, 
Brassica juncea Czern. et Cross. The other 3 species 
were maintained on celery. All insect transfers were 
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made with a camel’s-hair brush and feedings were 
timed with a stop-watch. Fasting was carried out in 
glass vials. Young celery seedlings were used as test 
plants. Thirty replications of each treatment, 1 plant 
per treatment, were done and the use of any particular 
aphid species in each re plic ation was determined by 
randomization. After the test feeding period the 
plants were fumigated with nicotine and placed in 
the greenhouse for incubation 


Rest LTS. To determine the acquisition threshold 


period, the following procedure was used. The 4 
starvation period of 30-91 minutes. (x 75.04 min. ) 
species of aphids were given acquisition feedings of 


5, 10, 15, 20, 25, and 30 seconds after a preliminary 
The ranges (means) of the acquisition feeding periods 
for the 4 aphid species were as follows: green peach 
aphid 5(5.0) seconds, 10(10.0) seconds. 14-16(15.0) 
seconds, 19-21(20.0) seconds, 24-25(24.8) seconds, and 


29-30(29.9) seconds: foxglove aphid 5(5.0) seconds. 


10(10.0) seconds, 15-16(15.1) seconds, 19-21(19.9) 
seconds, 24-25( 24.8) seconds. and 29-30(30.0) seconds: 
crescent marked lily aphid 5(5.0) seconds, 10-11(10.1) 
seconds, 14-16(15.] seconds. 19-20(19.9) seconds. 


24-26(25.0) seconds, and 29-30(29.9) seconds: celery 
aphid 5(5.0) seconds. 10(10.0) seconds. 15(15.0) 
seconds, 20-21(20.1) seconds. 24-26(25.0) seconds, and 
29-31(30.0) seconds. Results of the trials are in Table 
1. None of the species was able to acquire sufficient 
virus in 5 seconds feeding to infect a plant. but all 4 
species successfully acquired VITUS In the LO second 
interval. The celery aphid was the most efficient vec- 
tor; the foxglove aphid was intermediate and the other 
2 species were both relatively inefficient. There seemed 
to be little difference in the method in which the virus 


was acquired by any of the 4 species 


Discussion.—Severin and Freitag (11). in their 
work on western celery mosaic virus. used all 4 of these 
aphid species as experimental vectors. When a leaf 


transfer technique was employed the order of efficiency 
of transmission was: celery aphid 75 per cent. foxglove 
aphid 72 per cent. green peach iphid 60.5 per cent. 
and lily aphid 48.3 per cent. In another experiment 
where lots of 20 insects were used the order of efh- 
ciency was: lily aphid 80 per cent. green peach aph‘d 
53.3 per cent. celery aphid 40 per cent, and foxgl«ve 
aphid 36.7 per cent. When single apterous adults were 
used the order of efficiency was closer to that obtained 
in the present experiments: lily aphid 8 per cent. 
celery aphid 1.5 per cent. green peach aphid 0.7 per 
cent, and foxglove aphid 0.0 per cent. It is evident 
from the variation in efficiencies shown in these results 
that any comparative evaluation of vector efficiencies 
must utilize a standard treatment operating under con- 
trolled conditions. Some of the conditions that are 
desirable and feasible to control are starvation, repli- 
cation, use of single insects per test plant, watched and 
timed feeding periods, and uniform virus source plants 
throughout the replications 


x mean or average 


Taste 1.—Results* of trials to determine’ the acquisition 
threshold period of western celery mosaic virus by 4 
species of aphids given different acquisition feeding 
periods following a starvation period of 30-91 minutes. 
(Xx 75.04 min.) and a test feeding period of 1 hour 
Thirty replications of 1 plant per test feeding time and 
] insect per plant were used 


Acquisition feeding period in seconds 


Species 4 10 15 20 25 30 Total 
Vyzus circumflexus 0 7 24 14 18 12 75 
V. solani 0 ] 6 9 7 1] 34 
Vi. persicae 0 3 4 3 2 2 14 
Aphis apii 0 ] 1 1 5 2 16 

Total 0 if’. 3S ae a2 Se 139 


‘Numbers in columns indicate number of plants infected 
of 30 inoculated. 


Results found for the acquisition threshold period 
agree closely with those obtained for other nonpersis- 
tent viruses on which this point has been investigated 
(5, 14, 17, 18, 19). Differences in vector efficiencies 
are not parallel to those reported for beet mosaic by 
Sylvester (19). Although both experiments were simi- 
lar in their usage of the same 4 species of aphids, pre- 
liminary starvation times, acquisition feeding periods. 
and test feeding periods, there was a marked reversal 
in the efficiency of transmission between the green 
peach and lily aphids. In the work on beet mosaic the 
green peach aphid was the best vector, transmitting 
with about the same efficiency (36.6 per cent) as the 
lily aphid showed in this work (41.6 per cent). The 
lily aphid infected only 3.8 per cent of the plants 
inoculated with beet mosaic, while the green peach 
aphid transmitted celery mosaic to about 7.7 per cent 
of the plants. The other 2 vectors were fairly com- 
parable in their transmission of both viruses. 

The hypothesis that differences in vector efficiency 
are due to the insects acquiring virus at different rates 
is neither proved nor disproved by these results, nor 
is the hypothesis that the viruses are inactivated within 
the insects at different rates. Another equally probable 
explanation is that the inoculated host plant may in- 
fluence the chances of obtaining an infection by dif- 
ferent species of aphids. Results which were somewhat 
similar in indicating a compatibility factor between 
the vector and the plant species inoculated have been 
reported for transmission of the Brassica nigra virus 
(20). 

It was thought that the host plant on which the 
green peach aphid was reared (Brassica juncea) might 
influence its efficiency in infecting celery, but since 
Severin and Freitag (11) used celery as a host plant 
for rearing this aphid and their work with single in- 
sects indicated it to be a poor vector, this possibility is 
questionable. However, the point is of sufficient in- 
terest to justify a more critical appraisal. 


SUMMARY AND CONCLUSIONS 


Experiments were undertaken to determine the ac- 
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quisition threshold period of western celery mosaic 
virus for the green peach aphid, Myzus persicae 
(Sulz.); the foxglove aphid, M. solani (Kalt.); the 
crescent marked lily aphid, M. circumflexus (Buckt.) ; 
and the celery aphid, Aphis apii Theob. None of the 
species was able to acquire the virus in a 5-second 
feeding period, but all were able to pick up virus in 
a 10-second period. The lily aphid was the most effi- 
cient vector and the green peach and the celery aphids 
were the least. The 15-second acquisition feeding 
period was optimum for the lily aphid, the 20-second 
period for the foxglove aphid; results were inconclu- 
sive as to an optimum period for the other species 
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tested. 

Adoption of the terms “acquisition threshold period,” 
“acquisition feeding period,” and “test teeding period” 
was proposed since they are largely self-explanatory 
and are used by a number of workers in the field. 

Differences in vector efficiency in transmission of 
different viruses by the same species were pointed out. 
It was again hypothecated that a vector-host plant 
compatibility factor may exist which accounts for these 
differences in vector efficiency. 
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TANNIN AS A FACTOR IN THE RESISTANCE OF CHESTNUT, CASTANEA SPP.., 


lr BLIGH! 
(Murr) 


TO THE CHESTNI 


FUNGUS, ENDOTHIA PARASITICA 
Rs 


\.! 


and 


Hans Nienstaedt 


infection by the 


(Murr) 


es( ape 


Young chestnut trees usually 


chestnut blight fungus, Endothia parasitica 

A. and A., until 8 to 12 years Artificial inoculation 
is not a dependable means sting resistance; trees 
may resist repeated inoculatis nly to be attacked 
naturally at some later date when they show little or 


no resistance. This has been a serious obstacle in 
attempts to breed resistant chestnuts. It would be 
advantageous if a test could be designed to determine 
the relative resistance of hybrids at an early age. To 


do so it is necessary to understand the factors involved 


in blight resistance. 


Bramble (4) studied the histology of the bark of 
infected native chestnut. Castanea dentata Borkh. and 
suggested that the formation of cork layers might be 
a factor in resistances Since the fungus penetrated 
these layers in some cases. he added that in order to 


be stopped by the cork tissue the fungus must first be 
Ils 


have 


weakened by some compound present in the host ce 


Phenolic compounds and the related tannins 


often been shown to be factors in disease resistance. 
Offord (21) correlated the type otf tannin in different 
species of Ribes with their relative resistance to Cron 
artium ribicola Fischer. Onion smudge resistance is 
caused by the presence of catechol and protecatechui 
acid (16, 17). and Rennerfelt (24. 25) proved the 
fungicidal qualities of phenolic compounds isolated 
from the wood of different conifers 

The bark of the chestnut contains a high percentage 
of tannin; consequently a relationship between tannin 
content and resistance to Endothia canker has been 
suggested. Cook and Wilson (6) found that certain 
tannin-containing extracts of the bark of the native 
chestnut retarded growth of the fungus. while Graves 
(11) considered the very high tannin content of the 
roots as the cause of resistance of these parts of the 
plant. This study is an attempt to elucidate the prob- 


lem further, by assaying extracts and purified tannins 
of the bark of 3 specie s of chestnut with different rela- 
tive resistance to Endothia parasitica. 

MATERIALS lsolates 
and Preparation of the 


Fungus 
of the 
from cankered 


METHODS. of the 
Bark 


were 


AND 
Three isolates 


fungus were used. They ill made 
American chestnut sprouts growing within a short dis 
All isolates to 


the assays and presumably were 


tance of each other. reacted similarly 


from the same strain 
of the fungus. 


For the bark 


species of chestnut, the highly resistant Chinese chest 


extractions. was collected from 3 


nut, Castanea mollissima Bl.. the susceptible American 


chestnut. Castanea dentata, and the Japanese chestnut 


1 Accepted for publication October 5, 1952. 
This paper is a part of a dissertation presented for the 
degree of Doctor of Philosophy at Yale University. 


Castenea crenata Sieb. & Zuce., which shows inter- 
mediate resistance. 

Bark of Chinese and Japanese chestnuts was taken 
from 1 tree of each species; the trees were attacked 
by the fungus but showed the resistance typical of 
these species. Four American trees were used; they 
were all older suppressed trees and showed no signs 


ot 


showed no resistance it seems safe to assume that the 


Endothia; however, as similar surrounding trees 
trees simply had escaped disease. 

habit of the the 
indicates that a substance responsible for 
resistance may be concentrated 
bark; consequently the outer dark colored bark and 
the light colored living bark were kept separate as 
From the upper 


The growth fungus in Chinese 
chestnut 


in the inner living 


they were stripped off the lower stem. 
larger branches the bark was removed 
in its entirety. After drying at room temperature the 
bark was ground in a Wiley mill with a 15-mesh screen. 
of the bark.—The with the 
different solvents was performed as follows: 

Distilled water: Thirty-five grams (oven dry basis) 
bark was weighed out and 210 cc. distilled water added. 
\fter 
liquor, while still hot, was filtered through a Biichner 
funnel with 2 layers of No. 1 filter paper. 

{lcohol (95 per cent): Thirty-five 
dry basis) bark was soaked for 2 hours at room tem- 
perature in 210 cc. 95 per cent alcohol and filtered: 
the filtrate was poured through the bark twice while 
The alcohol was evaporated 
under reduced pressure at 40—44° C. 
then allowed to dry overnight at reduced pressure. 
Only part of this the 
remainder was dissolved in 50cc. absolute alcohol. The 


stem and the 


Extraction extraction 


heating for 2 hours on a hot water bath the 


grams (oven 


it remained on the filter. 
The residue was 
residue was soluble in water: 
water fraction was made up to the original volume and 
used directly for the preparation of the medium. Of 
the alcoholic extract 23.8 cc. was added to 100 cc. of 
water and the mixture was concentrated on a steam 
bath to the original volume of water. The plates were 
prepared with this solution. 

Ether: 


similar 


The original extract was prepared in a 
to that The 
solvent was evaporated on a steam bath at 45° C. 
The residue was dried overnight in a desiccator and 
10 cc. ether. 
10 ce. 
agar solution were sterilized in the autoclave and while 
still hot 1 cc. of the ether extract was added; the test 
tube was shaken vigorously and the plates poured. 

The technique used was 
by 


manner described for alcohol. 


again dissolved in The plates were pre- 


pared as follows: aliquots of potato-dextrose 


Purification of the tannins. 
developed Kurmeir (15) 
Freudenberg (8) for chestnut and oak. 

One thousand grams of the entire bark was extracted 


by and recommended 
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by alternate soaking in distilled water at 60° C. and 
pressing in a hydraulic press until the bark gave a 
very weak reaction for tannins with iron alum. 

Subsequent purification of the extracts was the same 
as that described by Kurmeir and Freudenberg except 
for the final extraction with ethyl acetate; only this 
step will be described. The solution was concentrated 
and extracted for a total of 72 hours with deacidified 
ethyl acetate. The extraction was carried out in a 
continuous flow apparatus similar to the one shown 
by Freudenberg. However, as the water was not cold 
enough to prevent ethyl acetate from escaping under 
vacuum the temperature of the ethyl acetate was raised 
to 80° C.. at which temperature the apparatus worked 
well without the vacuum. 

Except for some differences in the particle size of 
the precipitate obtained with pyridin, the extracts of 
the 3 different species reacted quite similarly to the 
purification schedule and the resulting purified tannins 
were alike in appearance. 

Preparation of the media and inoculations.—The 
standard potato-dextrose agar technique was used for 
the assays, the toxicity being expressed as a rate of 
hyphal growth on an agar medium in which the various 
extracts or tannins had been incorporated. 

Inoculations were made from cultures of the fungus 
growing on a potato-dextrose agar medium. Whenever 
possible the inoculum for a complete experiment was 
taken from a single culture. Sometimes, however, it 
was necessary to use 2 or 3, in which case they were 
always transfers from the same original culture. 

Standard amounts of inoculum were obtained by 
using a 5 mm. corkborer for cutting the disks. The 
plates were stacked in the transfer room at 21—23° C. 
Although not arranged in any special design the plates 
were shifted around after each measurement in order 
to avoid border effects. 

Collection of data—The cultures were measured at 
24-hour intervals. The mean of 2 perpendicular di- 
ameters recorded to the nearest millimeter was used 
for the computations, In the tables, growth increment 
is expressed by the regression coefficients (r) which 
were computed by the method of least squares, 

Resuvts.—Preliminary Experiments.—Results — of 
one of the assays of the water extracts are in Table 1. 


Taste 1.—Average increment (regression coefficient r in 
mm) in growth of Endothia parasitica in water ex- 
tracts of different parts of the bark of Chinese, Japa- 
nese and American Chestnut 


Bark Type 


Species Inner Outer Entire 
Chinese 3.22 6.61 6.45 
Japanese 7.06 5.98 6.86 
American 9.34 6.61 8.06 
Control 8.93 


Correlation between the toxicity of the extracts and 
the actual resistance of the 3 species can be seen in 


the results of the assays of the inner bark extracts. 
Tested statistically the differences between the 3 spe- 
cies were highly significant; 2 similar experiments 
gave comparable results. The experiments indicate 
that Chinese and Japanese chestnut barks contain 
materials extractable in water and possessing anti- 
biotic properties. Furthermore, it seems probable 
that the toxic compound is concentrated in the living 
portion of the bark. 

It will be shown later that the type of tannins pres- 
ent in the Chinese chestnut is different from that in 
the Japanese and American species. This difference 
is reflected in the data of Table 1. While in the 
Chinese berk the toxicity increases from the outer dead 
bark to the inner bark the situation is reversed in the 
Japanese and American bark extracts. Apparently 
changes take place in the chemical constituents of the 
bark when it dies depending on the original compounds 
present. In the Chinese chestnut the result is a de- 
crease in toxicity while in the 2 other species it is an 
increase. 

Field observations do not indicate that the outer 
bark is more resistant to invasion from the fungus than 
the inner bark in the Japanese and American chestnut; 
therefore, it seems that the toxic agents are inert under 
natural conditions, but are released during the extrac- 
tions. 

Results of the assays of the alcohol extracts of the 
3 species are in Table 2. 


TasLe 2.—The growth (regression coefficient r in mm) of 
E. parasitica in 2 fractions of alcohol extracts of the 


bark of chestnuts 


Water soluble Alcohol soluble 


Species frac. of ale. ext. frac. of ale. ext. 
Chinese 5.78 6.15 
Japanese 6.18 5.12 
American 6.82 5.24 
( ontrols 9.73 9.55 


3oth fractions of the alcohol extracts retarded growth 
of the fungus. Toxicity of the water-soluble fractions 
fall in the same order as resistance in the 3 species, 
but differences in toxicity were relatively not as great 
as for the water extracts. Tested statistically by the 
t-test the difference between any 2 of the extracts was 
significant at the 1 per cent level. The toxicity of the 
alcohol-soluble fraction. did not follow this pattern. 

The ether extract from all species had an antibiotic 
effect but that from the Japanese species was much 
more toxic (r .34 mm) than that from the Chinese 
(r 1.49 mm). Thus, toxicity again did not follow 
the pattern of resistance. Therefore this extract prob- 
ably contains no factors which play a role in resistance 
to the disease. 

The water extract will predominately contain glu- 
cosides, including tannins, starch, pectins and sugars. 
Of these it seems most likely that the toxic agent will 
be found among the tannins, other glucosides or re- 














Nea es a 


cemeem sem 





AND A marae 


9 


34 PHYTOPATHOLOGY Vol. 43 


lated compounds, but other compounds might be pres an empirical method which does not distinguish be- 
ent which could account in part for the toxicity of the tween different types of tannins and includes many 
extracts. non-tannin compounds in the estimate. Results are 
Assay of purified tannins.—Purified tannins were as in Table 4. 
sayed in 4 concentrations starting with 1.20 per cent The correlation between the tannin concentration 
and diluting 3 times to get each subsequent concen- and the growth of the fungus seems to be well estab- 
tration; the approximate concentrations in percentages lished, especially so when considering the earlier ex- 
were 1.20. 0.40, 0.13 and 0.04 The results are in periments in which the tannin content undoubtedly 
Table 3. was comparable to the values in Table 4. For the 
outer bark the correlation is not apparent. However. 
TasBLe 3.—The growth (regress ficient rin mm) of — the results from the assay with the inner bark are 
E. parasitica in different tions of purifi probably the most interesting, because this seems to 
tannins derived from the bark of Chinese, Japa be the part of the bark which prevents further advance 


and American chestr 
of the fungus. 


Qualitative tests of the extracts——The crude wate 


Species 

Cone. per cent Chinese ipanesé (merican extracts of the bark and the purified tannins were sub- 
1.20 nn Q == 8 79 jected to the qualitative formaldehyde-hydrochloric 

0.40 9.99 10.29 acid test (3, 7). The test was repeated several times 

0.13 10.05 10.70 10.40 and always with comparable results. It is used in 

0.04 10.19 67 10.93 distinguishing between pyrogallol and catechol tan- 
Control 4 nins. By boiling tannin solutions with a mixture of 
formaldehyde and concentrated hydrochloric acid un- 

Phe cultares were measured over a period of 7 days. der a reflux condenser, catechol tannins are precipi- 


During this interval no measurable srowth deve loped tated while pyrogallol tannins are only partially pre- 


ip the 100 per cont Chinese tannin. After 11 days cipitated, if at all. After cooling, sodium acetate is 
these cultures were measured again and showed an added to the filtrate; if a blue color develops with 
LRG ET CN eee ee Fe crowth of *7* alum, pyrogallol tannin is present. With mix- 
his Dees Se the O40 per cont Chinese tennia was *™* both a precipitate and a blue color is formed. 
quite abnormal; instead of spreading out radially The crude extract of the Chinese chestnut gave a 
from the inoculum long. narrow arms spread very ‘Mall brown precipitate after boiling while none was 


formed in the purified tannins; the filtrates from both 


rapidly from the center. and from them the intervening 
spaces were gradually filled (Figure 1] The mea- gave a purple color with iron alum. The crude ex- 
surements from this series have been left out as they tracts of beth Japanese and American chestnut gave 


were abnormal. Transfers were made from both these 2" immediate precipitate when HCl was added; the 


series to standard potato-dextrose agar on the eleventh precipitate turned red during boiling. The purified 
day; the resulting cultures were normal in all respects. '4nnins gave a precipitate after boiling: both filtrates 
The tannins from the Japanese and American chestnut ¢4ve purple colors with iron. 
retarded the growth of the fungus only in the 1.20 per Results show that the tannins in Japanese and 
cent media. and no difference could be demonstrated (merican chestnut are mixtures of pyrogallol and 
hetween them. catechol tannins. Chinese chestnut tannins apparently 

Concentration of tannin in the de water-extracts either are mixtures containing only small amounts of 

In order to compare the results of the assays of the catechol tannin, or they are pure pyrogallol tannin a 
crude water extracts and the purified tannins, new little of which is precipitated during the boiling. 
extracts were made. They were assayed with the Bark samples of an additional 63 trees of Chinese. 
fungus, and their tannin concentration was found Japanese, American. and hybrid origin were also tested 
using the standard hide-powder method (2) This is qualitatively. It was first ascertained that no differ- 
TaBLeE 4.—The growth (regressi veficient r in mm) of E. parasitica on chestnut bark extracts with known tannin 

concentration determined by the hide pou der method 
Inner Bark Outer Bark 
est |] Test 2° Test 1] Test 2" 
lannit I lannin r Tannin I Tannin I 

Species mm mm of / mm Te mm 
Chinese Lae 1.55 1.30 10.49 1.39 9.18 1.5] 8.29 
Japanese 1.0] 3.06 1.07 10.36 0.52 1.72 0.59 8.23 
American 0.60 6.89 0.74 11.23 0.55 8.62 0.60 9.39 
Control 11.19 11.23 11.19 11.23 

"A transfer 31 days old was used in Test 1 and one 15 days old in Test 2. From other experiments it has been ob- 
served that the older the inoculation. the more sensitive it is to the extracts. 
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Fic. 1. Representative cultures of E. parasitica growing on the purified tannins from the bark of American, Japanese 
and Chinese chestnut: 0.4 per cent tannin of American chestnut A), Japanese chestnut B) and Chinese chestnut C); 1.2 
per cent tannin of American chestnut D) and Japanese chestnut E). The white spots with dark centers are the spore 
pustules. Note the abnormal growth on the medium containing 0.4 per cent tannin from Chinese chestnut. 


ences occurred in the type of the tannins in the bark 
at different points in the tree. Thereafter all but 3 
samples were taken from 5-10 year old branches in 
the crown. 

Samples from 12 Chinese and 11 American trees all 
gave reactions similar to those described above fo 
the crude water extracts of these species. Of the 10 
Japanese samples 9 reacted as described, but 1 gave 
a precipitate only after boiling. 

Twenty-nine bark samples were taken from hybrids. 
The trees were 12 years or more of age. and from their 
reaction to the blight fungus they were classed in 4 
groups of resistance: high. medium, low and no re- 
sistance. No resistance would be similar to the Ameri- 
can chestnut and high would be as resistant as the 
best Chinese trees. 

The result of the analyses indicated no simple cor- 
relation between type of tannin and resistance. Thir- 
teen Chinese ( Japanese (American) hybrids, 6 
with high, 6 with medium and 1 with low resistance, 
were tested; all gave the typical Chinese reac- 
tion. Four Chinese X American hybrids reacted 
similarly except that 1 sample from a_ non-re- 
sistant tree formed a red precipitate after boil- 
ing rather than a brown. Of 5 Japanese < Ameri- 
can hybrids tested, 2 reacted like the parents giving 


an immediate precipitate. The other 3 samples were 
taken from 2-year-vld sprouts; they gave a precipi- 
tate after boiling, as in the Chinese bark samples. 
\pparently an unknown variant was encountered by 
collecting the samples from the young sprouts. Five 
backerosses or intercrosses of Japanese American 
hybrids were tested; they all reacted in the same way 
as the parents. 

Discussion.—Results show that the tannin content 
of the bark is a factor in the resistance of the chest- 
nut species. It is not, however, a simple correlation 
between increasing concentration and increasing re- 
sistance; this would fail to account for the results of 
the assay with the purified tannins. Furthermore, the 
total concentration of tannin in the bark of the 3 
species is very similar; 13.3-17.8 per cent in the 
Chinese (5), 10.9-20.1 per cent in the Japanese ( Dil- 
ler, unpublished data), and 10.3-13.6 in the American 
species (9). These concentrations overlap and if the 
correlation between tannin concentration and _ resis- 
tance was a simple one the same overlapping in re- 
sistance should occur. Field examinations show no 
overlapping. It therefore becomes necessary to con- 
sider other factors in order to explain resistance com- 
pletely. 


Nierenstein (20) has summarized our present knowl- 
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edge regarding the solubility of tannins and the way 
in which they occur in the plant cell. Although not 
conclusive the indications are that the tannins occu 
either in a free condition in special tannin-vacuoles or 
form addition compounds with other colloids. In the 
latter case their solubility will depend on how closely 
the colloids are bound together. 

The concentration of the tannins in crude water ex- 
tracts (Table 4) from Chinese chestnut is more than 


100 per cent greater than in the American extract. 
When compared with the total concentration in the 
2 species this seems to indicate a different solubility of 


the tannins. The values can probably be interpreted 
as follows: in the American chestnut the tannins are 
present as addition compounds bound closely together. 
while in the Asiatic species as free or as combined 
tannins loosely bound and therefore more soluble. It 
is also possible that the tannins are present in both 
types of chestnut partly in a free and partly in a 
combined stage, the proportion of free tannins being 
higher in the Asiatic chestnuts. 

There is no doubt that the condition of the tannins 
in the celf would have a pronounced effect on the efh- 
ciency with which they would check the parasitic in- 
vader. Thus Huber (14) found that while a pure 
tannin solution will retard fermentation when added 
to a sugar solution, fermentation proceeds at a normal. 


or close to normal, rate when a gum-arabic-tannin 
complex is added. Cook & Wilson (6) found that 
E. parasitica “gave good growth of mycelium and 
scant spore formation when grown on an agar medium 
containing 0.6 per cent tannin, but a less toleration to 
tannin when grown on a liquid medium.” 


ind ( ook and W ilson, 


the tannin in a host 


Discussing the work of Huber 
Nierenstein (20) concludes: “If 
plant is present in the form of a compound with other 
colloids, it seems likely that it will have less inhibiting 
effect on parasitic fungi.” 

A comparison of the concentration of tannins in the 


crude extract and purified tannin mediums and the 
corresponding growth of the fungus shows that the 
effect of the purified tannin of Chinese chestnut has 
about the same magnitude as the effect of the crude 


extract. For the American extracts. on the other hand. 
a 0.60 per cent tannin concentration in the crude ex 
tract retarded the growth of the fungus considerably. 


while as much as 1.2 per cent pure tannin retarded 
the growth only slightly. The reason for this is not 
clear. The hide powder method is a rather empirical 


technique which will include in the estimate of tannin 
related compounds, coloring matter, and the like. Some 
of these impurities, estimated as tannin, may well pos- 
sess antibiotic effects; after their removal a higher 
concentration of the pure tannin would be required to 
bring about a toxic effect. 

Possible correlation between the qualitative differ- 
ences in the purified tannins and their relative toxicity. 

Information regarding the nature of the tannins of 
the chestnut is limited. The tannin in the bark of 
European chestnut, which especially has been studied, 
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is a mixture of pyrogallol and catechol tannins (22. 
23). In the American chestnut a similar condition 
is found (9, 12). The only reference to Chinese 
chestnut (13) describes the tannins of the leaves and 
bark as belonging to the pyrogallol group. The quan- 
titative tests seem to substantiate this classification al- 
though a small amount of catechol tannins probably 
is mixed in. No descriptions of the tannins in the 
Japanese species have been found. 

The reactions of the Japanese and American tannins 
to the formaldehyde-hydrochloric acid test indicates 
that they are mixtures. 

The toxicity of tannins is considered to be caused 
by their phenolic constituents which are released by 
the enzymatic activities of the parasite (19, 21). There 
is very little information in the literature concerning 
the relative toxicity of the different types of tannins. 
The complexity and varied chemistry of the tannins. 
combined with the complexity of the enzymatic sys- 
tems of the fungi, leaves plenty of scope for differential 
toxicity of a certain type of tannin against different 
fungi or for variations in the behavior of different tan- 
nins against the same fungus. Tannase is an enzyme 
complex of varied constitution. The tannase of a cer- 
tain fungus may be able to decompose only a certain 
type of tannin as shown by the work of Fuller and 
Nierenstein (10). They found that whereas Polyporus 
spp. decomposed only pyrogallol tannin, Collybia spp. 
decomposed the catechol tannin, and only this type 
of tannin could be found in its hyphae. 

Freudenberg and Walpuski (8) studied the decom- 
position of tannins of European chestnut by Asper- 
gillus-tannase and obtained traces of gallic acid, el- 
lagic acid and sugars. No information is available 
concerning the effect of tannase from other fungi on 
chestnut tannin; neither do we know what the tannase 
decomposition of the tannins of American, Japanese 
and Chinese chestnut may yield, or the type of enzymes 
produced by Endothia. Until additional information is 
available the following is suggested as a working hy- 
pothesis explaining the role of the tannin quality in re- 
sistance to Endothia. 

The tannase complex of E. parasitica decomposes 
pyrogallol tannins and in doing so produces a simple 
phenol which is toxic to the fungus. The tannins in 
the bark of Chinese chestnut belong to the pyrogallol 
group. Whereas the barks of American and Japanese 
chestnut contain a tannin which is a mixture of pyro- 
gallol and catechol tannins. In media where the over- 
all concentration of tannin is the same, the concen- 
tration of the active ingredient may be considerably 
lower in the media containing the extract from the 
bark of Japanese and American chestnut and _ their 
toxicity therefore similarly reduced. 

It is possible that the phenol which is the actual 
cause of toxicity is pyrogallol. This is probably a 
breakdown product of pyrogallol tannin, and the com- 
pound is extremely toxic to the fungus. An assay of 
pyrogallol, catechol, phloroglucinol, gallic acid, pro- 
tecatechuic acid, and digallic acid showed that pyro- 
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gallol retarded the growth of Endothia considerably in 
a 1:6.400 and a 1:25,400 dilution. Catechol retarded 
growth at 1:1,600, but the 2 weaker concentrations 
were practically without effects. 

The solubility and type of tannins are the 2 factors 
which determine the resistance of a tree. American 
chestnut has tannins of low solubility and they are 
mixtures; this species is therefore least resistant. In 
the Japanese species the tannins are also mixtures but 
they are more soluble than in the native trees and this 
, The highest degree of re- 
sistance is found in the Chinese chestnut where the 


species is more resistant. 


tannins belong to the more toxic pyrogallol type and 
also possess a high degree of solubility. 

In the hybrids the situation is further complicated. 
It seems that the 2 factors, type and solubility of the 
tannins, are interacting and masking each other. How- 
ever, much additional information is needed to clarify 
this. 

Still more research will be needed to get a com- 
plete picture of disease resistance in chestnut; thus, 
other compounds may play a role in the chemical re- 
sistance. Also, the wound tissue formation must be 
studied in order that the earlier suggestions by Bram- 
ble (4) 


be definitely proved or disproved. 


SUMMARY 


The role of tannins in disease resistance of chestnut 
Castanea spp. attacked by Endothia parasitica, the 
Pulverized bark 


of Castanea dentata, the American chestnut. Castanea 


chestnut blight fungus was studied. 
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crenata, the Japanese chestnut, and Castanea muilis- 
sima, the Chinese chestnut, was extracted with wa‘er, 
alcohol and ether. Assays of the extracts with the 
fungus indicated that the bark of the more resistant 
species, C. mollissima and C. crenata, contains ar*i- 
biotic substances in high enough concentrations to 
cause a retardation of the growth of the fungus. 

The tannins of the bark of the 3 species were puri- 
fied. In assays they all retarded the growth of the 
fungus when present above a certain concentration. 
There was no difference between the effects of the 
tannin from Japanese and American chestnut, but that 
from the Chinese chestnut was much more toxic. 


The total concentration of the tannins in the bark 
of the 3 species is not correlated with the relative resis- 
tance of the species. In the water extracts, however, 
the concentration of tannins was larger in extracts 
from the resistant species. This may indicate a dif- 
ferential solubility of the tannins in the 3 species. 

\ qualitative test seems to indicate that the tannin 
in Chinese chestnut is a pyrogallol tannin, whereas 
the other 2 species contain a mixture of catechol and 
pyrogallol tannin. 


It is suggested that the relative resistance of the 3 
species, at least in part, is the result of the differential 
solubility and qualitative differences among the tannins 
in the 3 species studied. 


THE CoNNECTICUT AGRICULTURAL EXPERIMENT 
STATION ° 
New Haven, CONNECTICUT 
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ALFALFA YELLOW MOSAIC VIRUS SYSTEMICALLY INFECTIOUS TO BEANS ! 


W. J. Zaumeyer 


Among a collection of virus-infected alfalfa plants 
made in Idaho in 1950. there was one with a bright vel- 
low leaf mottling collected near Jerome. Expressed 
juice from this plant produced both necrotic local 
and systemic symptoms inoculated on beans 
(12). Experimental studies showed that. in addition 
to an alfalfa virus. a strain of cucumber mosaic virus 
was involved. The cucun | el Mmosalt Virus Was sepa- 
rated from the complex by passage through cucumber. 
which was resistant to the alfalfa virus. Studies on the 
cucumber mosaic virus isolate will be discussed in 
another paper. The alfalfa.virus was separated from 
the complex by making single necrotic lesion isolations 
from beans. This was done by piercing single local leaf 
lesions with a sterile needle and then puncturing 
healthy Pinto bean leaves with this needle. Expressed 
juice from infected leaves thus inoculated produced 
necrotic local lesions on rubbed leaves of Pinto 
plants (Fig. 1. C) a few days after inoculation and, 
later. mottling and necrosis of the trifoliate leaves 
(Fig. 1. G and H). Failure the expressed juice to 


infect cucumber plants showed that the isolate had 
heen freed ot the cuc umber f is compone nt. This pa 


per compares this new st! ot ilfalfa mosaic virus 


with its other strains. The ise in alfalfa is named 
alfalfa yellow mosaic nd the virus is classified as 
Marmor medicaginis var. flavovarians n. vat 

METHODS AND MATERIALS The experimental work 
was conducted in the greenhouse at approximately 20 
to 27° C. The viruses? were maintained on Pinto U. I. 
No. 78 bean and Turkish tobacco plants. All plants 
were inoculated in the early stages of growth and car- 


borundum powder No. 320 was used as an abrasive in 


the transfers. 


SYMPTOMS AND HOST RANGI In order to compare 
readily host reactions to and syn ptomatology of alfalfa 

l Accepted for publica n October 2, 1952 

Appreciation is expresse¢ H. H. Fisher for assistance 
certain phases of these in tior 

2 The vellow patcl irus of I lino clover was supplied hy 
K. W. Kreitlow from illy collected infected clover plants 
H. Rex Thomas furnished t ilture of the vellow dot 


virus, 


yellow mosaic virus with those of the more recently 
described strains of alfalfa mosaic, such as yellow 
patch virus of Ladino clover (5), tuber-necrosis virus 
of potato (7), and yellow dot virus of bean (9), many 
of the species tested with these viruses by the several 
investigators were also inoculated with the alfalfa 
yellow mosaic virus. 

Alfalfa, Medicago sativa L. The symptoms produced 
on this host are similar to those of typical alfalfa mo- 
saic. Both viruses produce chlorotic interveinal streak- 
ing of leaves, but the yellowing produced by alfalfa 
yellow mosaic virus is more intense. The mottling 
caused by typical alfalfa mosaic virus is masked at 
high temperatures, but this was not the case with 
yellow mosaic virus in the field. It was not possible to 
infect alfalfa artificially with alfalfa yellow mosaic 
virus in the greenhouse. 

Bean. Phaseolus vulgaris L. On Bountiful bean. 
small. yellow chlorotic spots (Fig. 1. E) appeared on 
the inoculated leaves 4-5 days after inoculation and 10 
days later a mottle was noted on these leaves. The 
other strains of alfalfa mosaic virus. except yellow 
dot virus, have been reported to produce only necrotic 
local lesions on this variety. The yellow dot virus pro- 
duced no lesions on inoculated leaves. no mottling on 
trifoliate leaves. and only a few yellow spots. The 
trifoliate leaf mottling caused by alfalfa yellow mosaic 
virus was intense and resembled the symptoms of yel- 
low bean mosaic (Fig. 1, I). Later, small yellow 
spots, 1-2 mm. in diameter and resembling the spots 
produced by yellow dot and yellow stipple viruses on 


By 


some varieties, appeared (9, 1: 

On other bean varieties such as Pinto and Great 
Northern, the local lesions. produced 2-3 days after 
inoculation, are mostly 3—4 mm. in diameter and very 
irregular in outline with stippled necrotic borders 
(Fig. 1. C and F). When only a few lesions are pro- 
duced on a leaf they are much larger. some attaining 
a diameter of 15 mm. They are reddish brown and fre- 
quently have light-green centers. Local infection is 
frequently expressed as a necrosis of the veins rather 
than definite local spots. Later. the petioles, pul- 
vini, and stems become necrotic. Veinlet necrosis of 
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the trifoliate leaves, together with interveinal reddish 
necrotic spots, frequently develops. Such infected 
leaves seldom are killed, but are often mottled, mal- 
formed, rugose, curled downward. and _ frequently 
blotched with large yellow areas (Fig. 1, D). On a 
few varieties, some of the pods are gnarled and mal- 
formed, resembling those infected with pod distorting 
virus (3). In other cases they develop reddish necrotic 
rings. similar to those on pods infected by the red 
node virus (10). 

Tobacco, Nicotiana tabacum L. On inoculated leaves 
of the Turkish variety, small white necrotic arcs and 
rings are usually produced. Sometimes the lesions ap- 
pear as definite tan circular spots 3-4 mm. in diameter. 
A mild mottling later develops on the upper leaves but 
as the plant becomes older the mottling is masked. In- 
fected plants are slightly chlorotic and stunted. Fre- 
quently, on older leaves. a white stippling of the oak 
leaf pattern is observed along the veins (Fig. 1, A). 
The typical alfalfa mosaic virus, in contrast, produces 
fairly severe mottle symptoms on young plants and 
also white necrotic lines of the oak leaf pattern on old 
infected plants. 

Vicotiana glutinosa L. Small gray necrotic local 
lesions are formed on the inoculated leaves. Upper 
leaves are mildly mottled and the plant becomes some- 
what chlorotic and stunted. 

Vicotiana rustica L. Infected plants are moderately 
mottled. 

Datura stramonium L. No local lesions are pro- 
duced. The mild systemic mottle is of the green vein 
banding type. On older leaves small, yellow chlorotic 
spots with brownish centers are formed. 

Pepper, Capsicum frutescens L. var. California Won- 
der. No infection. 

Tomato, Lycopersicon esculentum Mill. var. Mar- 
globe. No infection. 

Petunia, Petunia hybrida Vilm. No infection. 

Hyacinth bean. Dolichos lablab L. Small local 
lesions: very mild systemic mottle and abundant yel- 
low spots on upper leaves. 

Soybean. Glycine max (L.) Merrill var. Lincoln. 
Systemic yellow mottle. 

White Lupine, Lupinus albus L. Small dark local 
lesions; no systemic infection. 

Tepary bean, Phaseolus acutifolius Gray var. lati- 
folius Freeman. Few very small, dark, necrotic local 
lesions develop on the inoculated leaves. No systemic 
infection. 

Lima bean, Phaseolus lunatus L. var. Henderson 
Bush. Very mild systemic mottle. 

Pea. Pisum sativum L. var. Laxton Progress, Early 
Perfection, Perfected Wales and others. Systemic stem 
streaking; also small pin point necrotic lesions on in- 
oculated leaves. No mottle. 

White Sweetclover, Melilotus alba Desr. Mild mottle. 

Crimson clover, Trifolium incarnatum L. Mild mot- 
tle. 

Red clover. Trifolium pratense L. No infection. 

White clover, Trifolium repens L. Mild mottle. 


Broad bean, Vicia faba L. Reddish-brown local 
lesions on inoculated leaves followed by systemic ne- 
crotic spots and rings on upper leaves; such leaves 
were frequently mottled, twisted, and bronzed. Stem 
necrosis and killing of terminal growing point often 
occurs, 

Cowpea, Vigna sinensis (Torner) Savi var. Black 
Eye. Abundant, reddish-brown medium-sized primary 
lesions, followed by intense yellow mottling and mal- 
formation of later developing leaves, are produced 
(Fig. 1, B). 

Cucumber, Cucumis sativus L. var. White Spine. No 
infection. 

Balsam, /mpatiens holstii Engler and Warb. Small. 
dark-colored local lesions; no systemic infection. 

Snapdragon, Antirrhinum majus L. Moderate-sized 
grayish ringed local lesions; mild mottle. 

Zinnia, Zinia elegans Jacq. var. Sunshine Tint. Mild 
chlorotic mottle. 

REACTION OF BEAN VARIETIES.—-Because of the se- 
vere infection produced by alfalfa yellow mosaic virus 
on a number of bean varieties, 24 varieties, representa- 
tive of different types of snap and dry beans, were in- 
oculated. 

On Blue Lake 231, Great Northern U. I. 16 and 31, 
Michelite, Pinto U. I. 78, Red Mexican U. I. 32, Robust 
and Small White fairly large necrotic local lesions, 
severe systemic mottle and some necrosis of the tri- 
foliate leaves were produced by the virus. On Blue 
Lake Regular, Blue Lake 65, Great Northern U. L. 123 
(Fig. 1, F), Ideal Market, and Kentucky Wonder 
White, similar local lesions were noted but the sys- 
temic mottling was mild. On Idaho Refugee, Stringless 
Green Refugee, Tendergreen, Topcrop, and Unrivalled 
Wax, numerous small, dark necrotic local lesions 
were produced on the inoculated leaves and a fairly 
severe mottle and chlorosis on the trifoliate leaves. 
Bountiful, Landreth Stringless Green Pod, Logan, Low 
Champion, U. S. 5 Refugee, and Black Valentine 
showed chlorotic local lesions and mottle of the in- 
oculated leaves. The trifoliate leaves were systemically 
mottled and chlorotic. Large yellow blotched areas 
were commonly noted. Bountiful had the most intense 
mottling. Under certain conditions the chlorotic local 
lesions became slightly necrotic but not nearly to 
the same extent as on the varieties that showed only 
the necrotic lesions on the inoculated lea, 

PROPERTIES OF THE viIRUS.—The physical properties 
of alfalfa yellow mosaic virus were determined, using 
freshly expressed juice of infected beans as test mate- 
rial and local lesion production on Pinto bean leaves 
as a measure of virus activity remaining. 

The virus was inactivated between 65 and 70° C. in 
10 minutes and withstood a dilution of 4000 but not 


of 5000. It was infectious after 72 hours’ storage 
in vitro at 18° C. but not after 96 hours’. 
Cross Protrection.—After plants of the varieties 


Bountiful, Logan, Low Champion and Unrivalled Wax 
had become systemically infected with alfalfa yellow 
mosaic virus they were inoculated with the yellow 
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TABLE 1. 


Summary of host reactions to reported strains of al 
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ilfa mosaic virus and thermal inactivation points 


Reaction * of 


= 7 z S = & = = s a 
= & = 3 4 S = > < nae £ Thermal 
s <= S S S cae Ss = = = = inactivation 
° : 2 Sc &s § z s $s = point 
Virus infect L> = = Ss 3 ~ a a, ~% a. va ag, SR 
Alfalfa mosaic (8, 11)” 5 ! N t 60-65 
Svc \I J 
Potato calico (7) N T 53-55 
) Syste D MN + | 
Pepper mosaic (1) |} Loca N K ¥ T 60-65 
/ Svsteml M hn 
Yellow patch (5) \ I . N +K i 60-65 
) Syste -M : 4 
Tuber necrosis (7) | Loca \ T + N 93-55 
i SVS D on 
Yellow dot (9) { Loca T T 62-64 
) Sys M 4 
Alfalfa yellow mosaic | Loca \ 65-70 
“tes \ LN 
4 infectious; no us: ¢ chlorotic: D occasionally systemic causing necrotic die beck of tip and 
stem: K killing of inoculate VI mottle; N necrotic. 
" Figures in parenthesis ind » literature from which data was obtained. 
patch virus, which produces local lesions on these lesions and systemic necrosis and mottling. None of 
varieties. Local lesions of the latter virus failed to the other viruses in the group produce systemic infec- 


develop on the previously infected plants, whereas on 
the healthy checks they were produced abundantly. 


After Pinto U. I. 78 had bee systemically infected 
with yellow dot virus, mottled leaves were inoculated 
with alfalfa yellow mosaic virus No local lesions 
were produced on tl est le ives | t many wert on the 
healthy checks. The results suggest that yellow patch, 
yellow dot, and alfalfa yellow mosaic viruses are re- 
lated. 

Discussion.—During the past irs a number of 
strains of alfalfa mosaic virus have been described (1. 
2, 5. 6, 7, 8. 9, 11). On the basis of symptoms, host 
range, physical properties and cross protection tests, 
it is evident that alfalfa yellow mosaic virus is anothet 
strain in this group. Table 1 lists the presently de- 
scribed strains of alfalfa mosa rus. with the excep- 
tion of alfalfa N virus since ve little has been pub- 
lished on its host range and t eactions of certain 


host plants. The reactions were recorded from pub 
lications of the various 


Although there are many host range similarities 


uthors w described the vi- 


ruses, 
between alfalfa yellow mosaic virus and the other 
strains of alfalfa mosaic virus. there are certain dif 
ferences. Possibly the most striking is its ability to 
produce consistently on beans both local necroti 
Fic. 1. Symptoms produced by alfalfa yellow mosaic o1 
tobacco. B) Local necrotic lesions on cowpea var. Black 
blotching, and systemic mottle, respectively, on Pinto bean. 


Local necrotie lesions on 


Mottle caused by 


bean. F) 
of Pinto bean. 1) 


Great Northern U.I. 
vellow be in mosaic 


tion except yellow dot virus which produces more 
veinal necrosis than local spots and a systemic mot- 
tle much milder than that of the new strain. 


Alfalfa N, 


also produce both 


potato calico, and tuber-necrosis viruses 


local and systemic infection on 


bean but the last 2 do so only occasionally. These 
cause necrosis of the stem and die-back of the growing 
point (4, 6). In contrast, alfalfa yellow mosaic virus 
produces intense systemic mottle, necrotic and yellow 
spots and blotches on the leaves, and necrosis of the 
stem of many varieties but does not kill the growing 
point. The thermal inactivation points are approxi- 
mately 50°-55° C. for alfalfa N virus (6) and 53°-55 
C. (7) for potato calico and potato necrosis viruses, 
10° or more lower than those for alfalfa yellow mosaic 
virus. The properties of the last virus are in agreement 
with those of several of the previously described strains 
of alfalfa mosaic virus. 

(n additional difference between alfalfa yellow mo- 
saic and the other viruses in the group is the immune 
reaction of cucumber, cowpea, pepper, petunia and 
red clover (Table 1). All the viruses listed except 
yellow patch and alfalfa yellow mosaic viruses are 


infectious to cucumber. Only alfalfa yellow mosaic 


and yellow dot viruses caused systemic infection on 


several hosts: A) Systemic necrotic oak leaf pattern on 
Eye. C, D, and G) Local necrotic lesions, systemic yellow 
E) Yellow primary spots on inoculated leaf of Bountiful 
No. 123 bean. H) Systemic necrosis on trifoliate leaves 
virus on Pinto bean. 


ae 


Pe ae 
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cowpea. Pepper virus was not tested on this species viruses did not infect pepper, whereas the others did. 
but it is assumed that it is closely related to alfalfa Although some of the viruses were not tested on petu- 
mosaic virus 1. Alfalfa yellow mosaic and yellow dot nia and red clover, those that were tested, with the ex- 
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ception of alfalfa yellow mosaic virus. infeeted local spots on inoculated leaves followed by mot- 
hosts (Table 1). tling of these and later formed leaves. In tobacco and 

Since 1947 there have he 6 reports on new strains Vicotiana glutinosa small necrotic local lesions on 
of alfalfa mosaic virus. ind that these vil ; are inoculated leaves and mild mottling ol older leaves. In 
probably being recognized e first time. In most Cowpea, reddish-brown necrotic lesions followed by in- 


instances they do not appear to be causing serious tense yellowing and mottle of later produced leaves. 


damage to the crops they infect. However, the symp- Transmission: By inoculation of expressed juice in 


toms induced on certain hosts in the greenhouse sug- lution up to 4000 

ae A a a A a, te OE Thermal Inactivation and Longevity: At 65°-70° in 
nl aN in tees nail This apparently is 10 minutes. Resists aging at 18° for 72 hours. 

true. to a certain extent strain causing tube: Immunological relationships: Protects beans from 
necrosis in potato. Osw . ported in 1946 that infection by Ladino-clover yellow patch and yellow dot 
this virus caused a serious disease of the White Rose viruses. 

variety of potato in fields 1 r Stockton, California. SUMMARY 


where it usually occurred in the margins of potato 


| 


fields adjacent to alfalfa plantings. Recently. severe \ new strain of alfalfa mosaic virus producing both 


virus disease damage to Ladino clover plantings in necrotic local lesions and systemic necrosis and 
mottling on beans was isolated from naturally infected 
alfalfa in Idaho. On naturally infected alfalfa it pro- 


duced a bright yellow leaf mottling. It is described, 


California, caused by a virus complex in which one of 


the alfalfa viruses was involved, was reported (4) 


The first alfalfa viruses reported produced only local is : : 
identifed. and compared with other strains of the 


lesions on inoculated leaves eans. which would be ' : ; ; : 
' ; virus. The disease is designated as alfalfa yellow mo- 
of no consequence in the field. The more recent strains, : ; , : 
saic and it is proposed that the virus be known as Mar- 
however, which produce sys ec necrosis and mottling : 
bt mor medicagin’s H. var, flavovarians n. var. 
of infected plants could f widespread. cause con- aati : 
Of 24 bean varieties inoculated with alfalfa yellow 


siderable damage to commercial bean acreages as do saahser . 
' mosaic virus, all were susceptible. but not to the same 
some of the other viruses of bea : 
degree. In all cases the virus was systemic. but on 


TECHNICAL DESCRIPTION Varmor medicaginis H. ; : : : 
: some varieties necrotic local lesions and systemic 
var. flavovarians n. var. Common name \lfalfa yel- . 
} H I Ved necrosis were not produced. 
Ow mosaic. sts EGUMINOSAI ed 1Z0 wtiva 
e er es In general, the host range of the alfalfa yellow mo- 


L.. alfalfa. Experimentally also transmissible to many ; . Kase ; 
sj cianuparaiis rs saic virus is similar to that of the other strains of al- 


species of plants including BALSAMINACEAI [mpati . . . 
I ps ; falfa mosaic virus. However. certain hosts such as 


ens holstii, balsalm; Compositar—Zinnia elegans, zin- . 
cucumber, cowpea, pepper, petunia and red clover are 


nia: LEGUMINOSAE—Phaseolus vulgaris. bean. Glycine : er 
immune to this virus. 


max, sovbean Ve lilotus alba, white swee tclover. Pisum ab . . . . 

ee a a merges stair i 0 The physical properties of the virus conform with 

ee pons PoeeN aces oe nen Seren those of several of the previously reported alfalfa mo- 

— saic viruses. The virus was inactivated at 65°-70° C. 
Geographical Distribution: Idaho in 10 minutes and in 96 hours at 18°. and withstood a 
Induced disease: Necrotic lesions produced on beans — dilution of 4000 

atypical of those produced by the type strain of alfalfa Cross protection studies suggest that alfalfa yellow 

mosaic virus. In some varieties of beans. stem and mosaic, yellow patch and yellow dot viruses are related. 

petiole necrosis followed by severe mottle and necrosis Piant Inpustry STATION 

of trifoliate leaves. In other eties yellow chlorotic BELTSVILLE, MARYLAND 
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THE CHEMOTHERAPEL TIC 


ACTIVITY OF BENZOTHIAZOLE 


AND RELATED 


COMPOUNDS FOR FUSARIUM WILT OF TOMATO ! 


A. E. Dimond and David Davis ” 


The chemotherapeutic activity of sodium and potas- 
sium 2-benzothiazolylthioglycolates was recently noted 
when they were applied in aqueous solution to the 
growing medium for control of a number of plant 


. 9 
diseases (3). 


In laboratory and greenhouse experi- 
ments. accumulated evidence has shown that these com- 
pounds are not active as systemic fungicides; instead 
they alter the metabolism of the host, thus producing 
a plant more resistant to disease. Recent studies have 
indicated an unexpected and highly specific relation 
activity. 
this 


of chemical structure to chemotherapeutic 
Additional 


thesis are reported here. 


experimental results in support of 

In assays involving chemotherapeutic potency, tomato 
plants of standard age were watered with stated con- 
10 days, after 
which plants were inoculated with Fusarium oxyspo- 


centrations of the test compound for 
rum f. lycopersict. When the disease was well devel- 
oped in check plants, a grade for severity of disease 
the distribution of vascular 
The 


grade over all plants receiving a given treatment, rela- 


was obtained, based on 


discoloration in the stem of each plant. mean 
tive to that in corresponding checks, is a measure of 


the disease control. When a compound is applied 


to plants in a series of concentrations, the resulting 
indices of disease severity may be used to construct a 
logarithmic-prob- 


conceniration-response curve on a 


ability grid. From this curve is derived an estimate 
severity of dis- 
ED 50. 
at which disease is reduced as concentra- 


(4). 


that used in estimates of fungitoxicity. 


of the concentration which reduces the 
ease to half that in check plents. the 
of the rate 
tion is increased 


and also 
This procedure is similar to 


Where estimates of fungitoxicity to Stemphylium and 


ly. the stan- 


Sclerotinia were made in the present stu 
dard spore germination method (5) was used. In othe1 
experiments involving an estimate of the fungitoxicity 
of compounds to Fusarium, the test compound was 
incorporated into liquid nutrient in stated concentra- 
tions. and the growth relative to that in check flasks 
was noted. 

In repeated chemotherapy assays. the sodium and 
potassium salts of 2-benzothiazolylthioglycolate at 125 
p.p.m. reduced the severity of disease to 0.0, 5.3. 0.0. 
and 5.0 per cent of the 
plants. The 


plants without serious injury was 250 p.p.m. 


levels in corresponding check 
tolerated by 
To de- 


termine whether these compounds were acting in the 


maximum concentration 


plant as fungicides, the fungitoxicity to Stemphylium 


' Accepted for publication October 11, 1952. 
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and Sclerotinia spores was estimated. In these experi- 


ments, the concentration to reduce germination sig- 
nificantly was of the order of 10,000 p.p.m. for either 
compound. Three conclusions are possible: the com- 
pound may be (a) vastly more toxic to Fusarium than 
to these 2 fungi, (b) accumulated considerably by the 
plant or (c) acting by a nonfungitoxic mechanism. 

To determine whether or not these compounds are 
fungitoxic at the levels at which they occur in plants, 
a series of plants was treated at the maximum non- 
phytotoxic concentration for the usual period and then 
macerated in a Waring blendor. The macerated tomato 
tissue was then slightly diluted with water. and mixed 
with spores of Stemphylium or Sclerotinia. Germina- 
tion of spores was not inhibited. 

As a check on the toxicity of these compounds to 
Fusarium itself, the growth of mycelium was followed 
in Richards’ solution containing either compound at 


In flasks 


1250 p.p.m. of these compounds, 


concentrations ranging from 25-1250 p.p.m. 
containing up to 
growth of mycelium was retarded but not stopped. 
This concentration was about 5 times that which could 
be applied to the plant without injuring it. Therefore 


accumulation of a fungitoxic concentration by the 
plant seems unlikely, since phytotoxicity did not occur. 
Moreover the inhibition of mycelial growth which this 
concentration brought about was not sufficient to ac- 
count for the high reduction in severity of disease re- 
corded in the chemotherapy assays. Accordingly, the 
chemotherapeutic activity cannot be ascribed to fungi- 
cidal action. There remains the possibility that these 
materials exert their chemotherapeutic effect by alter- 
(2) 


ing the resistance of the host. Davis and Dimond (2 


reported that these compounds produce slight forma- 
tive effects upon tometo plants, do not affect reducing 
sugar levels. and markedly increase the levels of sev- 
erel water-soluble nitrogen fractions in the plant. 
The 
zolylthioglycolates as chemotherapeutants led the au- 
chemotherapeutic activity of 


potency of potassium and sodium benzothia- 
thors to investigate the 
a number of related compounds. These compounds 


were applied in a dosage series; dosage response 
curves were constructed for each compound and, from 
these curves, values for the ED 50 and slope were esti- 


(Table 1). 


had dosage-response curves of the same slope. 


mated All compounds possessing activity 

Evidently the activity of the potassium and sodium 
salts of 2-benzothiazolylthioglycoletes is the seme. and 
these compounds are the most potent of those studied. 
Strikingly enough. neither thiazole nor mercaptobenzo- 
thiazole shows any activity as a chemotherapeutant, 
but both benzothiazole and potassium 2-thiazolylthio- 
glycolate are moderately active. Also potassium §- 
(2-benzothiazolyl) thiopropionate is evidently less ac- 
tive than are derivatives of thioglycolic acid. 

The evidence points to the inverse relationship be- 
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TABLE 1.—Potency of 2-benzotl thioglycolates 
lated compounds hemotherapeutants for I 


wilt of tomato 


D 50 

Compound icromolar 
Thiazole me 
Benzothiazole 130 
2-Mercaptobenzothia f 3 
Potassium 2-thiazolylthi yeolat 29) 
Sodium 2-benzothiazoly|t} ' it 56 
Potassium 2-benzot! t] ite 7 
Potassium g-(2-benzothia ropionate 70) 
Potassium £8-(2-benzothia ropionate 2) 

* Supplied by Rohm & | ( Washington > 


Philadelphia, Pa. 
tween fungitoxicity and chemotherapeutic potency of 
benzothiazole and mercaptobenzothiazole. Table 1 re- 


ports mercaptobenzothi izole to be inactive chemothera- 


peutically, while benzothiazole is moderately active 
Horsfall and Rich (6) have noted that benzothiazole 
shows no fungitoxicity to Sten lium or Sclerotinia 
at 130 ug./cm.- whereas mercaptobenzothiazole has an 
LD 50 (fungitoxicity) value of about 8.4 ug./em 


Among these compounds the correlation between 
chemotherapeutic activity and production of a forma 
tive effect on tomato plants is very high Moreover 
all chemotherapeutic illy active compounds produced 
formative effects which were indistinguishable from 
one another. 

Careful scrutiny of the structure of these compounds 
leads to the suggestion that the chemotherapeutic at 
tivity and formative activity are centered in the thiazole 
ring. Thus. both benzothiazole and potassium 2-thia- 
zolylthioglycolate are active Apparently thiazole it 


self does not readily enter the plant. or else the activity 
of the nucleus is enhanced when either a benzene ring 
or an aliphatic side chain with sulfur bridge in the 2 
position is added to the thiazole ring. 

The diminished activity of potassium (-(2-benzothia- 
zolyl) thiopronionate relative to that of the thioglyco- 


lates is of more than passing interest The formative 





effects of sodium and potassium 2-benzothiazolylthio 


*) 


elycolates have already been noted Z In structure 


these compounds resemble the phenoxvyacetie acids: 
they differ in 2 respects: 1) the presence of a hetero 


cyclic ring instead of a benzene ring and 2) the pres- 
her linkage to acetic acid instead of an 


ether linkage. Thimann (7 has called attention to 


ence of a thioe! 


the ability of S and other heteroatoms to replace car- 
bon in growth hormones. It is possible that sulfur 
behaves analogously to oxygen in contributing activity 
to synthetic compounds. There is a very high correla- 
tion (1) between chemotherapeutic potency among 
other compounds and their formative activity as ex 
emplified by the synthetic growth hormones 

The aryloxyaliphatic acids are high in hormonal a 
tivity when the aliphatic side chain contains an even 
number of carbon atoms in a straight chain but such 
activity is reduced when the chain has an odd number 
of carbon atoms (8) Presumably this effect arises 


from an actual @ oxidation of the aliphatic chain. re 
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sulting eventually in a phenoxyacetic acid (active) or 
in phenol (inactive). Thus 2, 4-dichlorophenoxyacetic 
acid is highly active, whereas the corresponding pro- 
pionic acid is much less so. The relative activity of 
potassium 2-benzothiazolylthioglycolate and of potas- 
sium -(2-benzothiazolyl) thiopropionate as growth 
regulants and as chemotherapeutants is believed to be 
strictly enalogous, a 2-membered side chain possessing 
higher biological activity than a 3-membered one. Po- 
tassium g-(benzothiazolyl) thiopropionate, with a 
2-membered side chain, is again more active than the 
corresponding §-thiopropionate as a chemotherapeu- 
tant. If this reasoning is correct. the lack of potency 
of mercanptobenzothiazole is enalogous in this series of 
compounds to the lack of potency of the corresponding 
phenols in the phenoxy series. Apparently a reduced 
sulfur group in the 2 position renders the molecule 


inactive. 
SUMMARY 


The potassium and sodium salts of 2-henzo'hiazolyl- 
ihioglycolic acid are very low in fungitexicity but 
rather high in chemotherapeutic potency. The evi- 
dence indicates that these compounds are not accumu- 
lated in the plant to a sufficient degree to account for 
their chemotherapeutic potency as systemic fungicides, 

The chemotherapeutic potency of a number of com- 
pounds releted to potassium 2-benzothiazolylthioglyco- 
late varies markedly. thiazole and mercaptobenzothia- 
zole having no activity. benzothiazole and potassium 
z-(2-] enzothiazolyl) thiopropion: te being moderately 
active, and sodium and potassium 2-henzothiazolylthio- 
glycolates being highly active Activity of these com- 
pounds as chemotherapeutants is directly related to 
their formative activity upon plants. and the analogy 


hetween them and the phenoxy acids is stressed. 


DEPARTMENT OF PLANT PATHOLOGY 
THe CONNECTICUT AGRICULTURAL EXPERIMENT 
STATION 
New Haven, Connecticut 
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\ NEW NECROTIC-LESION-PRODUCING STRAIN OF YELLOW BEAN MOSAIC! 


W. J. Zaumeyer and H. H. Fisher 


\ new strain of yellow bean mosaic virus was iso- 
lated from malformed bean pods collected in eastern 
Washington in 1950. 
in appearance to those infected with the pod-distorting 
Besides 


producing necrotic local lesions on a number of bean 


The infected pods were similar 
virus reported by Grogan and Walker (2). 


varieties, very unlike those produced by the X strain of 
yellow bean mosaic virus from gladiolus (6)* (Fig. 
l, J) or by the pod-distorting strain of yellow bean 
mosaic. it also produces mottle symptoms more in- 
tense on some varieties than those produced by the 
type strain of yellow bean mosaic virus reported by 
Pierce (8) and Zaumeyer and Wade (10). 
gives the results of a comparative study of this new 


This paper 


virus strain and others in the yellow mosaic group. 

METHODS AND MATERIALS.—AII the studies were con- 
ducted in greenhouses in which the temperatures were 
kept between 20 and 27° C. 


No. 320 was used as an abrasive in the transfers. 


Carborundum powder 


A culture of the type strain of yellow bean mosaic 
virus from infected bean plants collected in Oregon 
was secured from F. P. McWhorter. 
produced by the new virus on beans appeared to be simi- 
1, F). 


The viruses of common bean mosaic and the strain 


The symptoms 
lar to those produced by the type strain (Fig. 


herein referred to as New York 15 mosaic* (9) used 
in the protection tests have been in use at Beltsville 
for a number of years. The viruses of yellow bean 
mosaic and New York 15 mosaic were maintained on 
Pinto U. 1. No. 724 bean end common bean mosaic 
When not in use, 


being seedborne. were maintained in in- 


virus on Stringless Green Refugee. 
the last 2. 
fected seed. 

Symptoms.—The necrotic local lesions of the new 
strain appear 6-8 days after inoculation. This is a few 
days longer than is usually required for local lesion 
production by most other bean viruses that produce 
such lesions on beans. There are 2 types of necrotic 
lesions produced, depending on the variety: 1) a dis- 
and 2) 
veinal necrotic frequently 
portion of the leaf (Fig. 1. A and B). 
When first formed. the distinct circular spots appear 


tinct and somewhat circular spot (Fig. 1. E). 


spreading lesions which 


cover a large 


similar to those produced by pod mottle and southern 
Later they turn dark 
red. are solid. and increase to 2-3 mm. 


bean mosaic viruses (1]l, 12). 


n diameter. 


The veinal necrotie lesions are stippled and frequently 
form an intricate pattern of reddish irregular lines and 
circles often over much of the leaf (Fig. 1. A). The 
leaf area bounded by the necrotic lines and circles is 


lighter green than the rest of the leaf. On the under- 


1 Accepted for publication October 11, 1952. 

“Unpublished data of the senior writer. 

% This virus was designated as the Burkholder strain of 
common bean mosaic by Grogan and Walker (1). 

+ The initials “U. 1.” indicate that the strain of bean was 
originated by the University of Idaho. 
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side of the leaves considerable vein and veinlet necro- 
sis is noted. The necrotic lesions later coalesce and 
form papery scald-like areas followed by defoliation. 
The systemic mottle symptoms are rather similar to 
those produced by the type yellow mosaic virus, but 
I. No. 72 and Stringless 
Green Refugee. they are more intense (Fig. 1, C and 


on some varieties as Pinto U. 


1). Drooping of the leaf and leaflets at the pulvini, a 
symptom commonly observed on plants infected with 
the typical yellow bean mosaic virus, was not pro- 
duced by the new strain. On varieties such as Miche- 
lite, Robust, Small White, and several others the symp- 
toms are similar to those produced by common bean 
mosaic and New York 15 mosaic viruses. Necrosis of 
the trifoliate leaves is produced on a few varieties. 
Stem, petiole, and top necrosis, as are produced by 
the pod-distorting virus and the X virus on certain 
varieties, are seldom produced by the new virus strain. 
No pod 


malformation has been noted on infected plants in the 


Infected plants of many varieties are stunted. 


greenhouse. 

INOCULATIONS OF BEAN VARIETIES.—Forty-four varie- 
ties of beans were inoculated with the new virus. All 
were susceptible and fell into 3 classes: 1) susceptible 
to necrotic local and systemic-mottle infection, 2) sus- 
ceptible to necrotic local infection alone, and 3) sus- 
ceptible to systemic-mottle infection alone. 

The varieties that belonged in the first category were 
Black Creaseback, Blue Lake No. 65, Blue Lake String- 
less No. 228, Blue Lake, Great Northern U. I. No. 15, 
Ideal Market. Kentucky Wonder, Michelite, Pinto U. I. 
No. 72, Potomac, Red Mexican U. I. No. 3, 
Small White. and White Half Runner. On all except 
Kentucky Wonder, Michelite, and Robust the mottle 
symptoms were fairly severe and in addition some of 


Robust. 


the trifoliate leaves showed necrosis. On Blue Lake 
Stringless No. 228 there were stem necrosis and killing 
of the terminal growing point. Most of these varieties 
were inoculated with the type strain of yellow bean 
mosaic virus for comparison. The systemic-mottle 
symptoms produced by the new virus were more severe 
than those produced by the type strain, except on 
Kentucky Wonder, Michelite. and Robust, on which 
both viruses produced relatively mild infection, and on 
Small White. infected by both 


viruses, 


which was severely 


The varieties that were susceptible to local lesion in- 
fection only were Great Northern U. L. Nos. 16, 31, 
and 123. 
infected by the type strain of yellow bean mosaic virus, 
showing a very mild mottle. 

The varieties 


The last-named variety was the only one 


susceptible to systemic mottle infec- 
tion only by the new strain were Stringless Black 
Valentine, Biue Lake Stringless No. 231, Bountiful, 
Cherokee, Contender, Dwarf Horticultural, Florida 
Belle. Full Measure, Kentucky Wonder White. Logan. 
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Low Champion, Landreth Stringless Green Pod. Pet pinus albus L.; alfalfa, Medicago sativa L.; adzuki 
Pod Black Wax, Plentiful. Puregold Wax. Idaho R bean, Phaseolus angularis (Willd.) W. F. Wight: rice 
gee, Stringless Green Refugee. Sensation Refugee 1066 bean, P. calcaratus Roxb.; scarlet runner bean, P. 
I. S. 5 Refugee, Ranger. R Supergreen. Tender coccineus L.: urd bean, P. mungo L.:; pea. Pisum 
green, Tenderpod, Topcrop, | valled Wax. and sativum L.. including the varieties Thomas Laxton, 
Wade The symptoms varied from a mild to a Little Marvel, Early Perfectah, Wisconsin Perfection, 
severe mottle depending on the variety. Although Perfected Wales, Asgrow Early Perfection and Rogers 
a few varieties showed a little veinal neerosis Perfection; crimson clover, Trifolium incarnatum L.;: 
on the trifoliate leaves. only Rival showed se- red clover. Trifolium pratense L.; and white clover. 
vere trifoliate leaf necros All the varieties T. repens L. 

inoculated were susceptibl: type strain of yellow Inoculations were also made with the new virus to 
bean mosaic virus. but tl toms on many dif tobacco, Nicotiana tabacum L.; N. glutinosa L.: N. 
fered from those caused by the new virus strain. Fo rustica L.: and cucumber, Cucumis sativus L. White 
example, Stringless Black Valentine. Full Measure, local rings approximately 8 mm. in diameter were pro- 
Pencil Pod Black Wax. Puregold Wax. Idaho Refugee. duced on the inoculated tobacco leaves and _ large. 
Tendergreen, and Unrivalled Wax were severely mot- — yellow local rings on the leaves of V. rustica. The virus 
tled and stunted by the new virus but showed mild to. was recovered in both cases. No infection was noted 


moderate symptoms when infected with the type yellow 


mosaic virus. In contrast. Florida Belle. Blue Lake 
Stringless No. 231, Dwarf H ilttural and Logan 
were severely infected with the type virus strain and 
showed mild symptoms virus. Kentucky 
Wonder White was eventually k d by the type yellow 
mosaic virus but showed only mild mottle when in- 
fected with the new virus. In general. the Blue Lake 
varieties were more severely infected by the type strain 
of yellow bean mosaic virus tl by the new virus 
INOCULATIONS OF OTHER §S Es.—Besides beans, 
other species were ino the necrotic strain 
of virus. The ones that were susceptible were white 
sweet clover. Melilotus alba Desi lima bean. Phaseo- 
lus lunatus L. var. Henderson Bush: tepary bean. P. 
acutifolius Gray var. latifolius | man: mung bean. 
P. aureus Roxb.: broad bean. |} faba L.: asparagus 
bean, Vigna sesquipedalis (| Fruwirth; cowpea. | 


irs. Chinese Red and Black 


sinensis (Torner) Savi 

Eye; and soybean, Glycine max (1 Merrill var. 
Patoka. On sweet clover the rus produc da mottle 
On inoculated leaves of Henderson Bush lima bean it 
produced white necrotic oak leaf and ring patterns 
(Fig. 1, H and K). On tepary bean yellow primary 
spots that appeared on the inoculated leaves were 
followed by a mottling of the upper leaves and in some 


cases necrotic spots were produced. On mung bean 


ringed necrotic local lesions about 1 mm. in diameter 
formed (Fig. 1. G) and on broad bean solid brownish 
red local and systemic necrotic lesions appeared (Fig 
1. D). On asparagus bean and Chinese Red and 
Black Eye cowpeas small necrotic local lesions were 
observed, followed by a mottle of the upper leaves 


On soybean, leaf mottle was produced. 


No infection was obtained on the following species: 


lupine. Lu 


on N, 

PROPERTIES. 
virus are comparable to those of the type yellow bean 
The 


C. after heating for 10 minutes: 


glutinosa or cucumber. 


The physical properties of the new 


mosaic virus. former was inactivated between 


60° and 62 
tion end point was between 1-2,000 and 1-4.000. and 


its dilu- 


it lost its infectivity in vitro after 32 hours at 18° C. 


SEED TRANSMISSION.—Two hundred and twenty-five 


seeds were harvested from infected plants and planted 


in the greenhouse. No infection was noted in the 


plants grown from these seeds. 

Cross PROTECTION.—Grogan and Walker (1) showed 
that infection with common bean mosaic virus effec- 
tively immunized bean plants against infection with 
type yellow bean mosaic virus and that yellow bean 
mosaic virus partially or entirely immunized bean 
plants against common bean mosaic virus. Their re- 


sults were based on suppression of systemic develop- 
ment of the virus on plants inoculated after they were 
infected by another related virus. Later Grogan and 
Walker (2) showed that plants infected with the type 
York 


reduction in the 


bean virus and the New 15 mosaic virus 


marked 


necrosis preduced when they were inoculated with the 


yellow 
showed a amount of top 
pod-distorting virus. Common bean mosaic virus com- 
pletely inhibited the development of the pod-distort- 
ing virus in the Stringless Green Refugee variety. 
Since the new virus strain produces necrotic locel 


lesions on beans whereas certain of the other bean 
viruses do not, cross protection studies could readily 
be made to determine possible relationships between 
bean 


New 


the new strain and the type strain of yellow 


mosaic virus. common bean mosaic virus. and 


York 15 mosaic virus. 
Pinto U. I. No. 72. 


which is resistant to common 


hyacinth bean. Dolichos lablab | white bean mosaic virus but susceptible to the type yellow 

Fic. 1.—Symptoms produced by the necroiic-lesion, X, and type strains of yellow bean mosaic virus on several hosts. 
A) B) and E) Necrotic locai produced by the necrotic strain on Pinto, Great Northern beans U. I. No. 15 and 
U. I. No. 123, respectively. ¢ ind I) Mottle symptoms produced by the necrotic strain on trifoliate leaves of Pinto 
bean. D) Necrotic local lesions produced by necrotic strain on broad bean. F) Mottle symptoms produced by type 


strain on Stringless Green Refugee G) Local lesions 
leaf and ring patterns produced by necrotic strain on 


by the X strain on Blue Lake bear 


produced by 
Henderson Bush lima bean. 


strain on mung bean. H) and K) Oak 
J) Necrotic local lesions produced 


necrotic 
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mosaic virus and the necrotic virus strain, was inocu- 
lated with the type virus strain. About 10 days after 
the mottle symptoms of this virus appeared, infected 


leaves were inoculated with the necrotic virus strain 
and only an occasional necrotic local lesion was pro- 
duced on the inoculated leaves, whereas on leaves of 
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previously healthy plants of the same age, abun 

lesions were produced. The crotic virus strail 

recovered from later forn ottled leaves of the 
plants first inoculated with type yellow mosai 
virus and later with the new virus. The fact that a 
small number of primary lesions were produced by 
the new virus strain on leaves infected with the type 
yellow mosaic virus, together with the recovery of the 
new virus from later formed leaves. indicated that the 
type virus only partially protected the plants against 


infection by the new strail experiment was re- 


peated with Great Northern U. I. No. 15. which has a 


virus reaction similar to that Pinto U. I. No. 72 
with approximately the same results. On the mottled 
leaves infected with the type vellow mosaic virus only 
a few primary lesions were produced by the necrotic 
virus strain most of which were on a single plant. The 


however. recovered from the mottled 


new virus, was 
leaves of all the inoculated plants 

Pinto U. I. No. 72 was infected with the New York 
15 virus. Ten days following appearance of the 
mottled symptoms on the upper leaves. they were ino« 
ulated with the necrotic is strain Healthy checks 


of the same age were 1not ulated at the same time. No 


primary lesions were produced on the leaves infected 
with the New York 15 virus. while on the previously 
healthy Pinto checks they were produced abundantly. 
thus indicating complete protection by New York 15 
virus. From later formed mottled leaves of the plants 
that were inoculated first with the New York 15 virus 
and next with the new virus. the latter was recovered. 


proving again that only partial immunization resulted. 
SsUSCE ptible to common bean 
mottled 


strain. 


Idaho Pinto, a variety 


mosaic, was infected with this virus and the 


leaves were inoculated with the necrotic virus 
Results 
yellow bean virus experiment 
of the 


viously infected by the commor 


comparable to those obtained in the 
Only 


prod iced on the 


were 
a few local lesions 


new virus wert leaves pre- 


mosaic virus while on 


the leaves of the healthy check plants they were formed 


in large numbers. From later formed mottled leaves 
the new virus was readily recovered 

Although the viruses of common bean mosaic, the 
New York 15 mosaic, and the type strain of yellow 


bean mosaic did not completely protect bean plants 
strain, it is be 
that 
related to the other 


from infection by the new necroti 


lieved that partial protection is suff 


cient evidence 
the new virus is immunologically 
three bean viruses. 

From the standpoint of systemi 


lack 


cross-prote ( 


Discussion. symp 
physical 


that the 


toms on_ beans. of seed transmission. 


properties, and tion, it appears 


virus described here is a strain of yellow bean mosaic 
virus. Several strains of this virus have been described 
(2, 3. 4. 6. 7.). This necrotic strain is distinct from 
any others that have been reported in that its host 
range within the Leguminosae differs from that of the 


first one that has in- 
[It differs from the 
low al 


other strains and that it is the 
fected species outside this family 


type strain by producing necroti lesions on 


Vol. 43 


beans, infecting Phaseolus lunatus, Vigna sinensis and 
). sesquipedalis and not infecting Pisum sativum, Tri- 
It is unlike the 


pod-distorting virus in that it seldom produces stem 


folium incarnatum, and T. pratense. 
and top necrosis of beans. which are typical symptoms 
produced by this virus on a number of varieties. Great 
Northern 123 is resistant to the pod-distorting virus but 
susceptible to the new virus strain, which produces 
The pod-distorting virus 


local lesions on it. 


Trifolium 


necroth 


infects incarnatum and some varieties of 


Pisum sativum while the new virus does not. The new 
strain infects Phaseolus lunatus, Vicia faba and Gly- 
cine max but the pod-distorting strain does not. Neither 
virus is infectious to Trifolium pratense. 

The X strain of yellow mosaic reported by Me- 
Whorter and Boyle (6), on Blue Lake beans in Oregon 
differs widely The X strain 
virus produces severe stem and tip necrosis and killing 
of Blue Lake plants; 
Likewise the X 


and pea: the 


from the necrotic strain. 


the necrotic strain generally does 


not. strain is infectious to crimson 


clover. red clover. new strain is not. 


The X virus causes mottling of broad bean while the 
new strain produces local and systemic necrosis on 
this host. 

Hagedorn (3) and Hagedorn and Walker (4) de- 
scribed 4 isolates of yellow bean mosaic virus, of which 
isolate 1 appeared to be fairly distinct from the type 
strain. It differs from the virus described here by 
infecting Pisum sativum, Trifolium incarnatum, and 
T. pratense, all of which were not infected by the ne- 
crotic virus strain, and by not infecting Vigna sinensis, 
which was susceptible to the new virus. Isolate 1 has 
a dilution end point of 1 to 100,000, while the new 
virus is inactivated at about 1 to 3,000 dilution. 

The necrotic virus strain is unlike the 5 yellow bean 
mosaic McWhorter (7) 
Oregon in that these produced mottling in Vicia faba, 
Only 2. 


representative of the area, were tested on red clover 


isolates reported by from 


but no necrosis typical of the new strain. 


and they were infectious to this host. They were also 
infectious to certain pea varieties as Alaska and Early 
Perfectah. from the 


strain. 


These results differentiate them 
new Although the necrotic lesion virus was 
isolated from malformed bean pods, it was impossible 
It is 
possible that in the original infected material another 


to reproduce pod distortion in the greenhouse. 


virus may have been present, but was lost in the 


original isolation. 
It i that the 


shown in bean plants infected with the virus of com- 


believed type ol partial protection 


mon bean mosaic, of New York 15 mosaic, or yellow 


bean mosaic, against formation of the necrotic local 


lesions but not against systemic infection by the new 
virus differs from any heretofore reported. In most 


cases, viruses producing only systemic infection in 
plants have protected against related viruses that pro- 
duce only local necrotic lesions on these plants. In 
other cases, protection has been shown by the sup- 
pression of systemic development of a virus in plants 


previously infected with a related systemic virus. It 


on 
in 
ng 


on 
ee; 
he 
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has been demonstrated that some related strains of 
viruses do not completely protect against others (5). 
Partial protection, however, is considered as evidence 
that viruses are immunologically related. 


SUMMARY 


\ new local-necrotic-lesion-producing virus isolated 
from infected bean pods collected in eastern Wash- 
ington is described, identified, and compared with 
other bean viruses. It is believed that it is a new 
strain of the ye!'!ow bean mosaic virus. 

Besides producing necrotic local lesions on beans, 
the virus produces mottle symptoms more intense on 
some varieties than those produced by the type strain 
of the yellow mosaic virus. Top necrosis, a typical 
symptom produced by the pod-distorting-virus and the 
X virus, strains of the yellow bean mosaic virus, is 
seldom produced by the new virus. 


Of 44 bean varieties tested all were susceptible and 
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fell into 3 classes: varieties susceptible to both necrotic 
local and systemic mottle infection; varieties suscepti- 
ble to local infection alone; and varieties susceptible 
to systemic mottle infection alone. 

Phaseolus lunatus, Vigna sesquipedalis, and V. 
sinensis are susceptible to the necrotic strain but are 
resistant to the other strains of yellow bean mosaic 
virus. Pisum sativum, Trifolium incarnatum, T. pra- 
tense, and T. repens were not infected by the necrotic 
virus strain while certain other strains infect these 
species. The new virus also infected Nicotiana taba- 
cum and N. rustica. No previously reported strain of 
the yellow mosaic virus has infected these hosts. 

The properties of the new virus are comparable to 
those of the type strain. The viruses of common bean 
mosaic, New York 15 mosaic, and the type strain of 
yellow bean mosaic partially protected against infec- 
tion by the new virus. 


PLANT INpDUSTRY STATION 
BELTSVILLE, MARYLAND 
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PHY TOPATHOLOGICAL NOTES 


Relation of Temperature to Internal Cork Develop- 
ment in Stored Sweet Potato Roots.’ Ropert AYCOcK.2 


J. S. Coo.ey.? M. B. Hucues.? ano W. L. Smirn, Jr.* 
This paper presents results of a study initiated in 1950 
of the effect of storage temperature on internal cork 
development in sweet potato roots. Nielsen* reported 
that sweet potato roots stored at 78° to 80° F. devel- 
oped larger and more numerous corky lesions than 
those from the same lot store d it Do to 60 for com 
parable periods. Severity of ptoms was no greate! 
in samples at the lower temperatures than in those at 
harvest. Wilcox and Ezell.° who stored roots at 55 

60°. and 70°, observed that the highest percentage of 


the largest lesions de 


roois showed symptoms and that 


veloped at 70 Results presented here confirm those 


already reported. 
In the present study. Porto Rico sweet potatoes ha 


vested in 1950 from 2 sources, each with a different 
level of symptom expression, were used. Seventy eight 
per cent of the roots from Source 1 showed corky spots 
prior to bedding. Seed roots of Source were obtained 


[asbLe 1.—Incidence and severity of internal cork in Porto 
Rico sweet potatoes after storage for approximately 5 
months at various temperatures * 


Percentage of roots 


Thal ante with lesions 


storage 
temperature examined Mean Mean Mean slice 
(°F.) (number) percent angle rating 
(At harvest) 196 43.9 41.52 
50 185 13.3 11.18 0.06 
55 183 15.8 12.62 0.07 
60 189 17.9 13.80 0.10 
70 188 87.1 68.98 0.87 
85 195 88.7 70.39 1.42 
L.S.D. (.05) 8.21 0.14 
L.S.D;. (61) 11.49 0.19 


J. Koch, Biometrical Services, Plant 


The assistance of E. 
statistical treatment 


Industry Station, Beltsville, Md.. in the 
of the data is gratefully acknowledged. 
Mean slice ratings obtained at harvest were not included 
in the statistical analysis. 
The percentage data were transformed to angles (angle 
statistical analysis in 


percentage) prior to 


the variances. 


are sin 
order to stabilize 




















Fic. 1. Classification used in rating incidence and severity of internal cork symptoms. Each classification is determined 
by the diameter of spots or aggres of spots. Left to right: 1, less than 1/16 in.; 2, 1/16 to % in.: 3, % to ™% in.; 4, % 
to 1 in.; 5, greater than 1 in 
earlier that year from northern Louisiana where inter 18 half-bushel samples. Three half-bushel samples 
nal cork disease had not been reported. Periodic ex from each source were examined immediately for in- 
aminations of 515 of these roots failed to reveal inter- ternal cork lesions. The remaining baskets were placed 
nal cork symptoms. in the curing room at Beltsville, Maryland, on Novem- 

Nine bushels of roots were harvested from plants ber 8. The sweet potatoes were cured at 85° F. and 
from each source on November 1950, then graded about 85 per cent relative humidity for 10 days. Three 
and distributed as uniformly as possible into 2 sets of half-bushel samples from each source were then 


1 Approved by the Director as Technical Contribution No. 


203 of the South Carolina Agricultural Experiment Station 

2 Edisto Experiment Station, Branch of Clemson Agricul 
tural College, Blackville, S. ¢ 

3 Division of Handling, Transportation, and Storage of 
Horticultural Crops, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, U. S. Department of Agriculture, 
Beltsville, Maryland. 

4 Nielsen, a W. 195] Influenc ot temperature me the 
development of internal-cork symptoms in sweet potato 
roots. (Abs.) Phytopathology 41: 28 

5 Wilcox, Marguerite W. and B. D. Ezell. 1951. Storage 
temperature and the development of internal cork in sweet 


177-479 


potato. Phytopathology 41 


stored for approximately 5 months at the test tempera- 
tures (50°. 55°, 60°, 70°. and 85°). 

The incidence and severity of internal cork were 
determined in the freshly harvested and stored roots by 
cutting them transversely into 4 to 14 in. slices. Each 
slice was rated® for severity of symptoms, using a modi- 
fication of Nusbaum’s scale* (Fig. 1). 

Data obtained from roots from the high-symptom- 


‘ The writers are indebted to Mrs. H. F. Smart and J. C. 
Etheredge for assistance in rating the samples. 

7 Nusbaum, C. J. 1950. Internal cork of sweet potatoes. 
Agr. Exp. Sta. Bull 381]. 
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level source are in Table 1. A significantly greater 
percentage of roots developed corky spots at 70° and 
85° F. than at the lower temperatures, but the differ- 
ences in percentage of corky roots stored at 70° and 
85° were not significant. The percentage of corky 
roots at 50°, 55°, and 60° was not significantly greatet 
than that observed in roots at harvest. 

The severity of internal cork symptoms as reflected 
by mean slice rating was also significantly greater at 
the 2 higher temperatures. More rapid increase in 
size of lesions at 85° F. resulted in a mean slice rating 
significantly greater than at 70°. No significant differ- 
ences were noted in the amount of internal cork at the 
3 lower temperatures. 

In roots from the low-symptom-level source, the same 
levels of significance were noted. In roots stored at 
50°, 55°, and 60° F. the maximum percentage of corky 
roots in any one sample was 3 per cent. No corky 
roots were observed in 2 samples. At a temperature of 
85°, however, 15 per cent of the roots showed symp- 
toms of internal cork. 

From a control standpoint, the results indicate that 
storage temperatures of 50° to 60° F. will prevent any 
appreciable development of symptoms beyond those 
already present at harvest. Since sweet potatoes may 


8 


become chilled if stored continuously at 50 storage 


at 55° to 60° is recommended. 


8 Cooley, J. S. and Helen F. Smart. 1950. Spoilage of 
sweet potatoes at 50°, 55° and 60° F. (Abs.) Phytopathol- 
ogy 40: 869-870. 


Initial Evidence of the Presence of Tristeza, or Quick 
Deciine, of Citrus in Florida. Turopore J. Grant! 
AnD Henry ScHNewer.- West Indian lime varieties 
inoculated with the virus of tristeza in Brazil and South 
Africa and with that of quick decline in California 
have been reported to have similar veinclearing and 
stem pitting symptoms." 4° ® Since West Indian lime 
seedlings show symptoms much sooner and have more 
specific symptoms than sweet orange trees on soul 
orange rootstocks, they are useful as test plants for 


1 Principal plant pathologist, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Department of 
Agriculture, Orlando, Fla. 

~ Assistant plant pathologist, Citrus Experiment Station, 
University of California, Riverside, Calif. 

3 Costa, A. S., T. J. Grant and S. Moreira. 1950. A pos- 
sible relationship between tristeza and the stem pitting dis- 
ease of grapefruit in Africa. Calif. Citrog. 35: 504, 526-528. 

*Grant, T. J.. A. S. Costa and S. Moreira. 1951. Studies 
of tristeza disease of citrus in Brazil. V. Further informa 
tion on the reactions of grapefruits, limes, lemons, and tri 
foliate hybrids to tristeza. Calif. Citrog. 36: 310-311, 324 
26, 328, 329. 

5 McClean, A. P. D. 1950. Virus infections of citrus in 
South Africa. Farming in South Africa. 25: (293) 261-262; 
25: (294) 289-296. 

6 Wallace, J. M. and R. J. Drake. 1951. Newly discovered 
symptoms of quick decline and related diseases. Citrus 
Leaves. 31(2): 89, 30. 


detection of the presence of tristeza, or quick decline, 
virus in areas where the disease has not been recog- 
nized. 

Tests for detecting the possible presence of tristeza 
in Florida were begun in September 1951 with the in- 
oculation of West Indian lime plants of the Key, 
Beledy, and Kirk varieties. The bottle graft method 
was employed for the inoculations. Twigs from trees 
suffering from unidentified declines were approach- 
grafted into the stems of healthy test plants. The cut 
ends of the twigs were immersed in vials of water until 
the union was completed. By February 1952 4 of the 
first 70 inoculated plants showed veinclearing symp- 
toms. The budwood had been collected from one tree 
in a citrus grove about 10 mi. west of Orlando, Florida, 
and from one tree near Avon Park, about 80 mi. south. 
Examination of citrus groves at Ocoee and Winter Gar- 
den, near Orlando, revealed the presence of a few scat- 
tered individual and small groups of sweet orange trees 
on sour orange rootstock in a state of decline. Twigs 
from these trees were collected for inoculation of West 
Indian limes, and bark samples for anatomical study 
were obtained from the point of union of the sweet 
orange top and the sour orange rootstock. 

The presence of sieve tube necrosis below the bud 
union of orange trees on sour orange rootstock and 
reactions occurring secondary to the necrosis have 
been useful for identifying trees affected by quick de- 
cline.“ When these secondary reactions are intense, 
the diagnosis is considered positive. When they are 
less intense, experience has shown that the trees might 
be declining from bud union disturbances resulting 
from quick decline virus or from some other unknown 
cause and the diagnosis must therefore be recorded 
only as possible quick decline. If sieve tube necrosis 
is present and the characteristic secondary anatomical 
changes are absent the results are considered indeter- 
minant. The results are considered negative if the 
phloem at the bud union is normal. This classification 
refers to quick decline, but similar anatomical symp- 
toms have been found in trees affected with tristeza.® 

Results of the present study of 26 bark samples from 
26 suspected trees in Florida are as follows: 11 posi- 
tive, 8 possible, and 7 negative. The anatomical diag- 
nosis of bark samples is a valuable and rapid means 
of indicating the presence of tristeza, or quick decline. 
It constitutes, however, only one step in the obtaining 
of proof of the presence of the virus. Transmission of 
the virus to healthy tests plants, such as the West In- 
dian limes, with the subsequent development of typical 
veinclearing and stem pitting symptoms. is important. 


Bottle graft inoculations with twigs from a total of 


7 Schneider, Henry, J. M. Wallace, and J. E. Dimitan. 
1950. The pathological anatomy of bud union tissues of 
orange trees and its value in the diagnosis of quick decline. 
Phytopathology 40: 24. 

8 Schneider, Henry, A. A. Bitancourt, and Victoria Ro- 
setti. 1947, Similarities in the pathological anatomy of 
quick decline- and tristeza-diseased orange trees. Phyto- 
pathology 37: 845. 
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13 declining field trees resulted in the productior 
definite veinclearing on the leaves of 26 West Indian 


lime plants. Limes bottle-grafte with twigs from 4 


other field trees produced faint 


o 


eincle aring on 6 test 


plants. Examination of 5 of the earliest inoculated 
lime plants that showed definite veinclearing revealed 
the presence of pits on the stem beneath the bark. At- 
tempts to transmit the West 
Indian lime test plants to healthy test plants have, to 


date, resulted in the deve lopment 


disease from 3 infected 


f definite veinclear- 
ing on 6 test plants. 

the infected West 
Indian lime plants with veinclearing on the 
that most of the plants have a tendency to produce new 


Observations in the screenho 


leaves snow 


growth free of veinclearing. This reaction is in distinct 


> 


contrast to the experience in Brazil 
lime plant material inoculated with the severe form of 


whe re on simila 


tristeza virus, leaf yellowing and cupping and gradual 


decline of plants followed the initial veinclearing symp 
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The American Phytopa re ‘ eld s 44th 
Annual Meeting on September 8, 9 0, 1952, at Cornell 
University, Ithaca, Ne York, mjunctior th the 
American Institute of Biological Sciences The Council 
met on September ind 10; : 3; meetings took place 
on September 8 and 10. Over 500 members and guests at 
tended. A total of 158 formal papers were presented. cor 
sisting of 133 original res h, le osium id 9 Fun 
cide Colloquium papers. Two j ssions were held 
the Mycological Society of Amet e with the Pot 
Association of America. The s ay ilt with Disea 
Resistance, Plant Parasitic Ne | Physiology o 
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papers, presented in 15 sessi fied D 
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The annual dinner, held at t St Inn. was a le 
by 385 members and ests, I tu ipacity 
of the Auditorium. Entertainmet s provided b yma 
teur magician District Att Fre B. B f 
Ithaca. 
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S. E. A. McCarran, Secretar expires 19535) 
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toms. The reactions of inoculated lime plants obtained 
to date in Florida indicate that a mild or intermediate 
form of the tristeza virus rather than the more severe 
form is present.” 

field 
symptoms similar to those 
other parts of the world, have been observed on the 


tristeza, or quick decline, 
described for the disease in 


Under conditions. 


following sweet orange varieties on sour orange root- 
stocks: Temple. Valencia, Lue Gim Gong, and Parson 
Brown. 

The fact that 11 of the 26 bark samples studied 
showed phloem reactions typical of those associated 
with tristeza, or quick decline, plus the production of 
veinclearing on 26 and stem pitting symptoms on 5 of 
the inoculated West Indian lime plants, constitutes 
evidence of the presence of a form of the tristeza, or 
quick decline, virus in Florida. 

Costa. 1951. A mild strain of 
Phytopathology 41: 114-122. 


9 Grant, T. J., and A. S. 
the tristeza virus of citrus. 
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Report of the Secretary. On September 1, 1952, the 
total membership was 1,572, consisting of 131 life members, 
7 emeritus members (2 of whom are also life members), 
1,354 regular members and 82 applicants. Reports have 
been received, since the last meeting, of the death of seven 
members; E. W. Bodine, O. C. Boyd, Mel T. Cook (char- 
ter), H. S. Jackson (charter), James Johnson, J. S. Wiant 
and George J. Wilds. 

S. E. A. McCatian, Secretary. 


Report of the Treasurer. Statement of account for the 
fiscal period October 1, 1951—June 30, 1952. 
Rec eipts : 


Balance on hand, October 1, 1951 $8,255.48 
Membership dues 1,895.00 
Total Receipts $10,150.48 
Expenditures: 
Office of the Secretary 673.84 
Office of the Treasurer 134.18 
Dues, AIBS 1,000.00 
Expenses, Placement Committee 23.90 
Expenses, Annual Meeting 
(Cincinnati) 249.27 
Total Expenditures $2,381.19 
Balance on hand, June 30, 1952 7,769.29 


$10,150.48 


A. E. Dimonp, Treasurer. 


Report of the Business Manager for Phytopathol- 
ogy. Statement of account for the fiscal period October 1, 
1951—June 30, 1952. 

Receipts: 
Balance on hand, October 1, 195] $18,002.26 
Subscriptions and Member = sub 


scriptions 17,140.66 
\dvertisements 1,928.00 
Reprints & Excess Illustrations 3,025.85 
Sale of Back Issues 1,875.80 
Sustaining Associate Memberships 200.00 
Donation, Rockefeller Institute 600.00 
Interest on Investments 333.35 
Investments liquidated 13,562.42 


Total Receipts 
vpenditures: 
Manufacture & Distribution of 


$56,668.34 


ie >] 


Phytopathology 9,966.56 
Cost of Reprints 1,412.36 
Office of Business Manager 708.65 


Office of the Editor-in-Chief : 2,393.77 
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News Letter ».94 
Office of the Advertising Manager 307.95 
Decennial Index 1,709.44 
Cost of New Investments 13.809.32 
Collector of Internal Reve 320.33 
Refunds 299.05 
Miscellaneous expenses 119.8] 
Purchase of back volumes for resa 1.00 

Total Expenditures $31,099.18 
Balance on hand. June 30, 195 5 .969.16 


$900.0056.5 


\ } B eSS Var 1ge 
Sinking Fund. 

The principal amount of the Sinking Fund was 
during the fiscal year by $99.21 (representing Dr. Horsfall’s 
travel expenses to Cincinnati, paid by the A P. S. to him as 
president and donated by him to the Sinking Fund) Phe 
principal amount of this fur rdingly. is $10,962 
and is invested as follows 
U. S. Savings Bond, Series G $ 1.000.061 
U. S. Savings Bonds, Series | 1150.00 
Northwestern Federal Savings & i] Ass’) 

(certificate ) » OO0.00 
Family Finance Corp yn shares 

at pur 7.00 
West ghouse Electric ‘ Oo stocl *) 

sharvs at cost 94) 
Stanaard Oil Co. of Ohio stock. 50 

shares at cost 018.65 
American Cyanamid Co sto () 

shares at cost » 160.4 
Johns-Manville—commor 664.27 
On deposit, New Haven Sa | 113.08 

Total $10.96? 
Lyman Memorial Fund. 

The principal amount of is increased fron 
$3.383.43 to $3,405.94 to pel t ! stment of the fund wu 
common stock. Interest accrue " s fund was used t 
increase the principal rently invested as 
follows: 

Westinghouse Electric ( ( <tock 

shares at cost S$ 1.350.8 
American Telephone & T: t 

13 shares at cost 055 

Total > 15.94 
Phytopathology Contingency Fund. 

As now set up the Conti ru = largely a liquid 

fund which, in additio Oo " ymount. is to re 
ceive the dividends and inter from t Si 
Fund and the Lyman Memo t is i ted as 
follows: 
Johns-Manville—common sto ; ys $ 465.00 
Jefferson Federal Savings & \ 669.26 
District Bldg. & Loan Asst 2 005.06 
Perpetual Bldg. Ass'n 539.86 
Arlington Fairfax Bldg. & | \ 1,231.62 
Prudential Bldg. Ass’n 51.12 
Arundel Federal Savings & | \ 058.70 

Total $92 2 


\ I D 1OND, Business Vanager 
Report of the Auditing Committee for the Fiscal 
Period, October 1, 1951 to June 30, 1952. 


We have examined the books of the Treasurer of The 
American Phytopathological Society and of the Business 


Manager of PHyropaTHoLocy for the period from October 
1, 1951 to June 30, 1952. We found all receipts and expendi- 
tures, and all funds of this Society and of PHYTOPATHOLOGY, 
accurately recorded. 
Signed: R. H. WeLLMAN. 
Paut H, ScHULDT. 


Report of the Business Manager of Phytopatho- 
legical Classics for the fiscal year, October 1, 1951 to 
September 30, 1952. Number of copies of Phytopathological 
Classics sold during fiscal year is 63, having a total value of 
25. Seven copies (No. 2 through No. 8) sent gratis to 
Ing. K. Minevy, Macedonia, Yugoslavia, for library use. 
Number classics on hand September 30, 1952: No. 1, None; 
No. 2, 67; No. 3, 145; No. 4, 216; No. 5, 431; No. 6, 495; 
No. 7, 454; No. 8, 639. 


DOD. 


Receipts: 


( ash balance on Onv tober l. 195] $38 , 1.62 
Received during fiscal year 195] 52 
For classics sent out $38.25 


On accounts due in previous 
fiscal years 15.00 3.25 $887.87 


Disbursements 
United States postage $10.00 


77 07 


ance on September 30, 1952 877.87 $887.87 





Cash ba 


Due on accounts September 30, 1952 


Present fiscal year $ 75 
Previous fiscal years 23.50 
Total due on accounts $24.25 


Cart W. Booturoyp, Business Manager. 


Report of the Advertising Manager. During the nrst 
9 months, 55.25 pages of ads in PHyrorpATHOLOGY carried 72 
idvertisements. Advertisers paid $2,438.30. The income to 
the Society after deduction of agency commissions and 
cash discounts to advertisers was $2,192.13. Seventeen and 
ly pages are under contract for 23 advertisements in the last 
} months. The estimated gross income from these will be 
$770.40, and the income after deductions of agency commis- 
sions and cash discounts is expected to be $688.71. The 
gross income for the 12 months is estimated to be $3,208.70, 
and the income after deductions is expected to be $2,880.84. 

Estimated expenses of advertising manager including 
telegraph and postage, $20.00, clerical assistance, $72.00, 
commission, $50.00 (5 per cent of $1,000.00) and $188.08 

10 per cent of $1.880.84), total $330.08. The total income 
o the Society will be approximately $2.550.76. 

LEONARD J. ALEXANDER, Advertising Manager. 


Report of the Editor-in-Chief. When the present 
Editor-in-Chief succeeded Dr. Helen Hart in January 1952, 
nake up for the January and February Issues of PuyTo- 
PATHOLOGY had already been prepared and additional manu- 
scripts were ready for press. The switch in editorship thus 
was gradual and, under the expert guidance of Dr. Hart, 
was made with a minimum of confusion. 

Change to the 2-column format came also with the Janu- 
iry 1952 issue. As a result of the latter change more space 
than heretofore available has been provided, due mostly to 
ise Of a larger size page and smaller size type, and partly 
due to better possibilities for utilization of space in arrang- 
ing tables and illustrations. A page in the present format 
contains as much, or more, printed matter as 1.9 pages in 


the former single-column format. Thus the 520 pages in 
the first 9 issues of volume 42 of PHyToOPATHOLOGY are 


equivalent to 988 pages, approximately 10%, issues, of vol- 


ume 4]. This increase in amount of printed matter, com- 
bined with authors’ cooperation in condensing papers, has 
made possible continued prompt publication of papers in 
PHYTOPATHOLOGY. 
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During the year, PHyropATHOLOGY adopted the method of 
citing literature recommended by the AIBS Publications 
Committee, of which Dr. A. J. Riker is chairman. In the 
August issue, literature is cited according to the new meth- 
od in some papers and according to the old in others, de- 
pending upon when the manuscripts were sent to press. 

In the first 9 issues of volume 42, 184 authors published 
109 articles (41544 pages), 23 notes (22 pages), and 3 obitu 
aries (3 pages). Also, in the first 9 issues, 468 abstracts 
(71% pages) were published, including 175 (26 pages) 
for the 1951 annual meeting, 145 (22 pages) for the 1952 
annual meeting, 17 (3 pages) for the Northeastern Division, 
14 (614 pages) for the Southern Division, 25 (4% pages) 
for the Potomac Division, and 62 (942 pages) for the Pa- 
cific Division. The remaining 842 pages were taken up 
with 2 official notices (1 page) and the annual report of 
the Society (742 pages). 

On August 15, 10 manuscripts were in the hands of the 
reviewers, 12 in process of being edited after approval by 
reviewers, 7 returned to authors for revision, 19 in press, 
and 11 in galley proof. Between November 15, 1951 and 
August 15, 1952, 21 manuscripts were withdrawn or re 
jected. PHYTOPATHOLOGY has no appreciable backlog of 
manuscripts at the moment; papers are being published as 
rapidly as they can be got ready and into print. 

The Editor-in-Chief is pleased to acknowledge the finan 
cial assistance of The Rockefeller Institute for Medical Re- 
search and the Sustaining Associates, the excellent service 
rendered by Mr. John Ferguson 3d and associates of Monu- 
mental Printing Company, the advice of the Editors and 
Associate Editors, the cooperation of the Business Manager 
and other officers of the Society, and the editorial assis 
tance of Mr. and Mrs. Wilson S. Borland. 

W. C. Price, Editor-in-Chief. 


Report of the Editor of News. During 1952, “News” 
was published in each number of the Journal on the page 
facing the inside back cover. News was also listed in the 
Table of Contents as a definite part of the Journal. The 
Editor feel that these 2 improvements may have played a 
part in stimulating the increased flow of news items that 
have reached his desk. There still are items of phyto- 
pathological interest, however, that escape to other jour- 
nals before they come to our attention but it is hoped that 
as “News” becomes more firmly established these items will 
be sent to the news editor of The American Phytopathologi- 
cal Society as well as to news editors of other journals. The 
short distance between the publishing house in Baltimore 
and the Editor’s office at Beltsville enabled the Editor to 
delay submitting final copy until shortly before publication 
date. This has permitted inclusion of more timely items. 


K. W. Krerttow, Editor. 


Report of Representative on the Governing Board 
of the American Institute of Biological Sciences. 
AIBS has continued to develop soundly and conservatively. 
The 2 annual meetings (Columbus and Minneapolis) have 
been successful both scientifically and financially. The 1953 
meeting has been definitely set for Madison in early Sep 
tember. Projected future dates are Gainsville, 1954, East 
Lansing, 1955, New England, 1956, Pacific Coast, 1957. The 
AIBS Bulletin has continued to be published at a high 
standard of form and content and also is largely self-sup- 
porting. AIBS has cooperated with AAAS and NEA in ex 
ploring the future relations of scientists to manpower 
shortages both at college and pre-college levels. This coin- 
cides with the awakening interest of many societies in pro- 
viding vocational guidance material at the secondary school 
level which is informative of the needs and opportunities in 
the biological sciences. The National Science Register con- 
tract was continued in cooperation with the Office of Scien- 
tific Personnel, NRC. About 63,000 questionnaires have 
been sent to biologists of which about 21,000 have been 
returned. During the year 4 issues of Bio-Sciences News- 
letter were prepared. Of this some 1,000,000 copies were 
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distributed by the State Department after translation into 
several foreign languages. The budget approved for 1952- 
53 totaled $57,950 of which $12,000 comes from society dues, 
the remainder being derived from advertising, convention 
receipts, Rockefeller grant, and dues of associates and 
affiliates. 

J. C. WALKER. 


Report of the Representative to the Division of 
Biology and Agriculture, National Research Council. 
The Division held its annual meeting in Washington on 
May 2. A mimeographed report of the activities of the Divi- 
sion was distributed. The Division has continued its sup- 
port of several activities of special interest to the APS, 
most of which were enumerated in the Annual Report for 
1951. Committees on Plant Crop Ecology and on Devel- 
opmental Biology have recently been activated . 

Members of the Council responded promptly to a re- 
quest for suggestions of activities of interest to the Society 
that might be brought to the attention of the Division. The 
several proposals received will be discussed in the near 
future with the Secretary of the Division. 

Curtis May. 


Report of Representative to the Food Protection 
Committee, Food and Nutrition Board, National Re- 
search Council. The Society’s representative attended all 
meetings of the Food Protection’ Committee and its Sub- 
committe on Pesticides during the past year. The commit- 
tee released a pamphlet on “Use of Chemical Additives in 
Foods,” the original draft of which was drawn up by the 
Society's representative. Two printings of 10,000 copies 
each have been exhausted and the article has been reprinted 
verbatim in 6 different journals so the public has become 
acquainted with the real nature of the problem of chemical 
additives and the necessity for use of fungicides and other 
pesticides. 

The committee’s Subcommittee on Pesticides, under the 
chairmanship of Dr. George C. Decker, has been working 
on minimum standards of performance and safety required 
for new pesticides. Through the good offices of the sub- 
committee, members of industry and federal regulatory 
bodies have been encouraged to consolidate their viewpoints 
and set up what appears to be a fairly workable outline to 
guide inventors in evaluating promising new chemicals. 

The Food Protection Committee will continue its activity 
during 1952, so the Society should appoint a liaison repre- 
sentative to represent its interests, 


Georce L. McNew. 


Report of Representative on Board of Editors, 
American Journal of Botany. The American Journal of 
Botany is back on publication schedule. Manuscripts are 
commonly printed within 6 months after they are received. 
Abstracts are no longer published. This is the first year it 
has charged $25 per page after the 8-page free limit. The 
journal is in a good financial condition, 

\. J. Riker. 


Report of the Committee on Donations and Lega- 
cies. The Committee is of the opinion that definite objec- 
tives should be set by the Council for which support is 
needed and can best be derived from the income from in- 
vested funds. With specific and formally approved goals in 
view, the prospect of obtaining contributions from the So- 
ciety membership and from other sources would be mate- 
rially improved. 

The Committee offers the following suggestions ‘as ob- 
jectives to be supported by the Society from the income 
from invested funds, but does not assume as its appropri- 
ate function the complete formulation of such objectives: 

1) Providing a limited number of gratuitous subscrip- 
tions to PHYTOPATHOLOGY for the benefit of individuals or 
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institutions in countries 
in dollar-exchange. 


2) Giving financial assistan: Biological Abstra 


expedite the publication of its ani indexes, 
3) Giving financial assistan American Type Cul 
ture Collection for the publication of its catalogs of cultures 


of microorganisms of plant vit 


4) Subsidizing the publicati PHYTOPATHOLOGY of 


meritorious research articles of greater than average length. 
and of papers submitted by non-members of the Society 
when it would be a hardship to assess the entire cost against 
the individual. 

With these and perhaps ot finite objectives in view, 
the Committee proposes to in 1953 a general so 
licitation of the Society membership for contributions 
$10,000 sustaining fund which, together with the present 
sinking fund and other investments, will provid th 


cient income to support these proje 
FREEMAN A, Weiss, Chairmar 


Report of the Extension Committee. Seventeen ex 


tension pathologists were in attendance at the annual meet 
ing at Cincinnati. As announced in the program of the 43rd 


annual meeting, 2 extension sessions were held. A Joint 
Extension Symposium with the American Association of 
Economic Entomologists was we ittended. Papers pre 
sented on proposed legislatior timely. The speakers 
were: W. W. Sunderland, Cl National Agricultural 
Chemicals Association, and | L. LeClerg, Agricultural 
Research Administration, U. S. D. A. Three speakers dis 
cussed “Methods of Stimulating Inse« ind Disease Con 
trol Practices.” 

Several commercial interests ed as hosts at the ex 
tension plant pathologists’ | Afterwards, 2 papers 
were presented on the subject of “All-Purpose Sprays and 
Dusts for Home Orchards I (arde! F Dr. Ellswort} 
Wheeler presented the form for tree fruits as recom 
mended for Massachusetts and Mr. C. F. Bishop gave an 
excellent account of the orl garde! egetable insect 
and disease control in West \ nia 

QO. Weaver. Chairmar 


Report of the Committee on Finances and Invest- 


ments. During the past ; Finance Committee. 
following the recommendation of Council, has reviewed 
the investments of the Soci the purpose of rein 
vesting 50 per cent of its funds in common stocks of sound 
and growing enterprises. As ] it in the 195] report 
of the Finance Committee, a pro was decided upon 
and some of the sales and pur The progran 
was completed early in tl rT 

Results of this investment ] re promising 
shown in the Report of I r of the Societv and 
Business Manager of Puy1 HOLOGY. | realized 
however, that dividends from common ks are not as 
certain as those from guarante bond Diligence must be 
exercised to be sure that a sound fina il position is main 
tained. 

\\ ry Spa (Chairman 

Report of the Placement Committee. During 1952, 
53 plant pathologists have ha r applications in the 
active files of the Placement ‘ ttee Prospective em 
ployers requested applications i1 ttempt to fill 24 pos 
tions. Sixty-four applications have been sent to 23 pros 


pective employers. 

Records show that 2 plant pathologists have obtained 
positions to date during 1952 ough the efforts t} 
Committee. 


Report of the Committee on Public Relations. A 


| 


] ] 
general survey of public phytopa ology news was attempted 
by the committee during the past year. The survey was 


ATHOLOGY 


Vol. 43 


not so complete as it could have been. Committee mem- 
bers neglected to clip stories and news items, and only 3 
members of the committee made a serious attempt to gather 
the necessary information. However, from reports, corre- 
spondence, clippings, magazine stories, University and Ex- 
periment Extension releases, some conclusions can be made. 

The news coverage on plant pathology is more extensive 
than was at first realized. The greatest coverage is by the 
daily press. Daily newspapers have the largest reading 
population (4 readers for every paper sold). Most of the 
reports were short news articles and were of the so-called 
popular type. Many were realized by the national news 
services, such as AP, INS, and UP. Some stories from New 
England had extensive United States coverage. Several 
of these stories, reported to the committee, appeared in all 
sections of the country. One story with a California date 
line (AP service) even appeared in the largest paper in 
Vermont. 

\ noteworthy impression was the failure of news releases 
from the various extension services to get national coverage. 
Such stories nevertheless get local coverage. News cover- 
age of all types by local newspapers seems to be adequate 
and is constantly bringing plant pathology to the attention 
of the public. 

There is a definite lack of coverage in the large maga- 
zines. This can be overcome by better and more appealing 
stories, and more people will have to submit stories. 

Feature stories on Plant Pathology as a science or the 
sciences in Plant Pathology are decidedly lacking in all 
public relations releases. The secret of this difficult situa- 
tion is the lack of good writers within the Society. 

The committee recommends a change in its personnel. 
Fewer members, interested in public relations, who can 
write feature stories on science in an appealing manner 
should be effective. A diligent search should be made within 
the Society for such young active members. Any sugges- 
tions will be very much appreciated. 


THOMAS SprostTON, Chairman. 


Report of the Committee on Plant Disease Preven- 
tion. The Committee on Plant Disease Prevention has had 
no formal meeting since the last annual meeting of the 
Society, but individual members of the committee have been 
actively working, in their official and unofficial capacities, 
for the desired goal. It appears now that implementation 
of the committee’s recommendations will depend largely 
upon the interest and support that we can get from the 
Civil Defense Administration. The committee, through its 
contacts, is keeping before the Civil Defense Administra 
tion the importance and necessity of adequate means of 
plant disease prevention in national defense. The commit 
tee will do all in its power to see that plant disease preven- 
tion receives proper recognition when and if the Civil De- 
fense Administration receives adequate financial support 


trom Congress 


J. G. Leacu, Chairman. 


Report of Subcommittee of Plant Disease Preven- 
tion Committee on Seed and Plant Material Certifica- 
tion. The Subcommittee has restricted its efforts to obtain- 
ing data to ascertain whether or not provisions as prescribed 
by the International Crop Improvement Association are 
sufficient to minimize losses from seed-carried pathogens. 
\ preliminary survey of opinions of plant pathologists 
throughout the United States has indicated a need for more 
specific consideration of diseases and an increase in strin- 
gency of tolerance, especially in foundation and registered 
stocks. For example, 1.0, 1.0, 2.0 and 0, 1.0, 2.0 per cent 
tolerance is allowed in foundation, registered, and _ certi- 
fied stocks for bean blight and bean mosaic, respectively. 
Pathologists have generally indicated that these diseases in- 
crease so rapidly under favorable conditions that tolerance 
should be 0 in both foundation and registered stocks and 
near 0 in certified stocks. Pathologists further recommend 
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that where effective seed treatments are known they should 
be required for production of foundation and registered 
seed stocks, and that other economic seed-borne diseases 
should be added to those already listed by the I.C.I.A. as 
soon as measures usable in certification procedures are 
available. 

The Subcommittee hopes to continue its survey and to 
issue a full report for publication in a suitable journal. It 
wishes to express its appreciation for the cooperation re- 
ceived from the Pathological Standards Committee of the 
International Crop Improvement Association, and hopes to 
offer them substantial material assistance. 

Joun R. Harpison, Chairman. 


Report of the Committee on Resolutions. Be it re- 
solved: that The American Phytopathological Society at its 
“th annual meeting does hereby express its sincere ap- 
preciation: 

l. To Dr. T. C. Byerly, Dr. C. J. Hylander, Dr. S. L. 
Meyer and associates of the American Institute of Biologi- 
cal Sciences for their efforts in arranging and coordinating 
the meetings of the various affiliated societies, including the 
APS. 

3: Te President D. W. Malott, the Trustees of Cornell 
University and Dean W. I. Myers of the College of Agricul- 
ture for use of their excellent facilities. 

3. To Dr. C. E. F. Guterman and the members of his 
local committee for their efforts in arranging for the various 
sessions. 

1. To Dr. George Lawrence of Cornell University, Mrs. 
Ileen Stewart of the AIBS, and their staffs for cooperation 
in providing news coverage of Society affairs. 

5. To Dr. E. E. Clayton, Dr. A. C. Tarjan and Dr. J. P. 
Hollis for arranging the three Special Symposia which ap- 
peared on the program. 

6. To friends in Industry, whose names appear on the 
annual Banquet Program, for their contributions toward the 
success of the Annual Banquet. 

7. To Mr. J. W. Conner and the Statler Inn for their 
contribution to the success of the Annual Banquet. 

8. To District Attorney Fred B. Bryant for excellent en- 
tertainment at the Annual Banquet. 

9. To the retiring officers and Council members for their 
progressive and sound administration of the affairs of the 
Society since the last Annual meeting. 

Gporce F. WEBER 
CARROLL E. Cox 


Elections and Appointments. A committee was ap- 
pointed by the Council to count the ballots for the election 
of new officers. The following were dec lared elected: 
President Elect. C,eorge F. Weber: Vice President. James 
H. Jensen; Councilor-at-Large, George W. Fischer. 

The Council recommended and the Society approved the 
appointment for 1953-1955 of Saul Rich as Treasurer and 
Business Manager of PoyropatHoLocy, and of C. S. Holton 
as an Editor and M. T. Hilborn, W. J. Hooker, W. F. Jeffers 
and E. O. Olson as Associate Editors of PHyTtopATHOLOGY. 

Representatives, Standing Committees, Special Commit 
tees and Temporary Committees were approved and ap- 
pointed as listed above. 


Interim and Ad Hoe Appointments. President Me- 
New designated B. H. Davis representative to the inaugura 
tion of President Lewis W. Jones at Rutgers University, 
New Brunswick, New Jersey, May 8, 1952, and Lawrence P. 
Miller as delegate to the Centennial Ceremonial Session of 
the American Pharmaceutical Association, Philadelphia, 
Pennsylvania, August 20, 1952. A committee consisting of 
W. C. Paddock, chairman, K. W. Kreitlow, P. R. Miller and 
H. A. Rodenhiser was designated to investigate the possible 
use of plant pathologists in the Point IV program. 


The Society approved the following recommenda- 
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tions by the Council: 

1. Accepted the reports of Officers, Representatives. 
Standing Committees and Special and Temporary Commit- 
tees. 

2. Elevated the Subcommittee on Regulatory Work and 
Foreign Plant Diseases and the Subcommittee on Seed and 
Plant Material Certification, respectively, of the Standing 
Committee on Plant Disease. Prevention to full Standing 
Committee status. 

3. Elevated the Temporary Committee on Industrial Re- 
lations to a Special Committee. 

1. Discontinued the Special Committee on Sustaining 
Associates, the Special Committee on Testing and Results 
of Newer Fungicides and the Interim Committee on the 
Point IV Program and thanked them for their fine efforts. 

5. Discharged the Temporary Committee on a New Name 
and thanked Chairman Horsfall and his associates for their 
commendable but fruitless efforts to find a suitable common 
name for the Society. 

6. Appointed a Temporary Committee on Method of 
Collecting and Disseminating Data on New Fungicide Tests. 

7. Appointed a Temporary Committee on Fungus No- 
menclature to advise and represent the Society at the VIII 
International Botanical Congress, Paris, 1954. 

8. Instructed the Secretary to thank the Committee on 
Publication of Special Material for their study on the costs 
of publishing a history of plant pathology. Also to call to 
their attention the volume on the life of Erwin F. Smith, 
sponsored by the American Philosophical Society and the 
manuscript being prepared by F. V. Rand on the biography 
of L. R. Jones and to recommend tabling their program 
until the above manuscripts can be examined. Further 
suggested that the Committee consider a search for good 
manuscripts suitably illustrated that could be fittingly used 
in a monograph series to be published by the Society. 

9. Instructed the Secretary to advise the Divisional 
Secretaries that, in advance of their Divisional Meetings, 
they request the Editor-in-Chief of PHyYTOPATHOLOGY to 
appoint a special review committee of 3 members to examine 
the Divisional abstracts of papers preparatory to acceptance 
for publication in PHYTOPATHOLOGY. 

10. Accepted an invitation to Class B membership in 
The Agricultural Research Institute sponsored by the Na- 
tional Research Council. 

11. Ammended the Constitution and By Laws to provide 
for a Student Membership in the Society as announced in 
PHYTOPATHOLOGY 42: 366. 1952. (Students wishing to 
qualify for Student Membership must apply to the Treasurer 
on appropriate forms for this membership which begins in 
1953). 

12. Amended the Constitution regarding the selection 
of officers and councilors after having been duly notified of 
the proposal 1 month in advance as follows: Article \ 
Selection of Officers and Councilors. Section 1. (Phyto- 
pathology 37: 265. 1947). For third last sentence reading 

“If the same person should receive sufficient ballots to 
qualify for nomination to more than one office, his name 
shall be placed on the final ballot as a candidate for only 
the higher office, as listed in Article III, Section 1°—sub- 
stitute-—“If the same person should receive sufficient ballots 
to qualify for nomination to more than one office his name 
shall be placed on the final ballot as a candidate for only 
the office for which he receives the greater number of bal- 
lots, and in the case of an equal number of ballots he shall 
be entered as a candidate for only the higher office as listed 
in Article III, Section 1.” 

13. Authorized the publication of a new membership list 
to be prepared by the Secretary’s office and published as 
Section 2 of a regular issue of PHYTOPATHOLOGY. 

14. Authorized the publication in PHytopaTHoLocy of 
such symposium papers as are comprehensive in nature and 
meet the editorial requirements of a special review com- 
mittee to be composed of a chairman designated by the 
Editor-in-Chief from among the Editors and additional 
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members selected by the chairman. Such reprints ar 
be available to the authors without extra cost. 

15. Authorized the publication of obituaries in Puyro 
PATHOLOGY with the exemption of the special reprint charge. 

16. Authorized the appropriation ot $850.00 for the use 
of Phytopathological Classics to accelerate and expand 
their program. 

17. Authorized the Special Committee on Teaching of 
Plant Pathology to prepare a suitable brochure for students 
on careers in Plant Pathology which is to be submitted to 
the Council for acceptance, whereupon the Council will 
consider means of dissemination 


18. Deferred action on the request to help support the 


American Type Culture Collect pending receipt of a 
more definite program. The So vy, however, signifies its 
willingness to support in part any reasonable program 
fungi or viruses that would promote plant pathology. 


19. Accepted into Annual Membership all 82 applicants. 
The following resolutions were endorsed by the Society: 


l BE IT RESOLVED that The American Phytopatho 
logical Society takes this opportunity to express its appre 
ciation and hearty commendation to Dr. Clarence J. Hylan 
der, Executive Secretary of the American Institute of Biolo 
gical Sciences, for his devotion and energetic execution of 
duties in behalf of the Institute dur this trying period 
of its organization and establishment. Through his efforts 
a sound organization has been created which should pro 
mote the welfare and cause of biology in the field of plant 


pathology and in allied fields 


2. BE IT RESOLVED that ne (merican Phytopatho 


logical Society encourages its members to cooperate on a 
voluntary basis with the Bureau of Entomology and Plant 
Quarantine to prevent the pron ous introduction of liv 
ing cultures of plant pathogens, to notify quarantine officials 
of any proposed introduction, 1 to follow the general 
procedures established by B of Plant Industry, 
Soils and Agricultural Engineering for its own staff con 
cerning such introductions 

3. BE IT RESOLVED hat he Society accepts wit! 














CAPTAN—A COINED NAME FOR 

































N-TRICHLOROMETHYLTHIO 





The word “Captan” has beet ected as a coined name 
for the fungicidal chemical N-tr romethylthio tetra 
hydrophthalimide and approved September 25, 1952 by tl 
Interdepartmental Committees n Pest Control. The nam 
has also been approved by the American Phytopathological 
Society, and the American Cl il Society is agreeable 
to its use. Captan formerly was designated as SR-406 and 
ORTHOCIDE., 

Captan is in the process of being registered by California 
Spray-Chemical Corporation as a trade-mark in the United 
States and certain foreign Che California Spray 
Chemical Corporation has taken steps to transfer the name 
to the supplementary list in the Trade-Mark Division from 
the list where it originally was registered for application as 
a trade-mark. The name captan therefore is available for 


| 
for designatil this chemical. 


use as a common name 
The name “captan” applies to the pure chemical and a 
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gratitude the report of Chairman E. C. Stakman of the 
Standing Committee on International Cooperation and ex- 
presses its appreciation for the initiative and effective efforts 
he has exercised in interesting the authorities of UNESCO 
and foreign countries in the problems of plant disease con- 
trol and need of world-wide plant disease reporting service. 

1. BE IT RESOLVED that The American Phytopatho- 
logical Society expresses its gratification that the Food and 
Agriculture Organization of the United Nations is under- 
taking a World Reporting Service for Plant Diseases and 
Insect Pests. The American Phytopathological Society 
will encourage and assist this project to the limit of its 
ability. 

5. BE IT RESOLVED that The American Phytopatho- 
logical Society, cognizant of the importance of the plant 
disease problems of Latin America and cognizant of the 
significant contributions that the Rockefeller Foundation is 
making toward their solution, hereby expresses its gratifi- 
cation that the Foundation has in operation a program of 
basic and applied research in plant pathology in several 
countries, that the Foundation has provided opportunities 
for international meetings and conferences of Latin Ameri- 
can phytopathologists, and that the Foundation is con- 
tinuing its long view program for the training in plant 
pathology of outstanding young scientists. 

The American Phytopathological Society appreciates the 
progress already made and commends the Foundation for 
its effective efforts. 


Interim Action by the New Council: The new Coun- 
cil with President J. G. Dickson met on September 10 and 
took the following action: 

1. Appointed W. C. Paddock a delegate to the VIII 
International Botanical Congress in Paris, July, 1954. 

2. Agreed to hold the 1954 Annual Meeting in Denver, 
Colorado, during late August or early September, and ap- 
pointed J. A. Pinckard, Jr., Chairman of the Local Ar- 
rangements Committee. 

S. E. A. McCarran. Secretary 
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technical grade shall indicate the percentage of captan 
present. 


Empirical formula: CosH,O.NSCI 
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Interdepartmental Committee on Pest Control, H. L. 


Haller, Chairman, S. W. Simmons, Secretary. 






























































